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1.0  SUMMARY  (Rrr  i.i.9) 

The  Boring  propuluan  pod  cuneept  selected  lx  the  pio- 
po«*J  airplane  u  shown  in  Fig.  l-l.  Significant  feature! 
incorporated  in  the  pod  for  maiimura  performance,  ufety, 
reliability,  maintainability,  and  aerviceability  induda: 

•  A  reparable,  self-contained,  wlf-controlling,  high 
performance,  supersonic  inlet  with  a  differential, 
pressure-actuated,  eecondary  air  door  system  to 
maintain  a  aafe  and  > table  operating  condition  in 
the  event  of  an  inlet  unstart. 

a  A  aepnrable  exhaust  eyafem  aaaembly  which  aup- 
pliee  ita  own  ventilating  and  cooling  air  and  which 
require*  no  inputa  other  than  thrust  lever  angle 
to  control  ita  variable  area  functions  for  maximum 
performance. 

•  A  thrust  teverser  integrated  into  the  exhaust  sys¬ 
tem  which  includes  s  partial  reverse  position  for 
increased  flexibility  in  airplane  speed  control  dur¬ 
ing  descent,  landing,  and  taxi. 

•  A  flight  idle  provision  Ir,  allow  the  rotor  RPM  to 
be  reduced  as  a  function  of  airplane  speed  during 
normal  descent  to  provide  drag  for  deceleration 
and  to  save  airplane  fuel 

•  A  windmill  brake  to  reduce  engine  rotor  RPM 
in  the  event  of  in-fl  ght  engine  shutdown. 

•  An  accessory  compartment  containing  all  engine 
and  airplane  accessories  in  a  low  temperature  en¬ 
vironment 

•  Non-pressurired  conventional  cowling  which  open* 
at  two  halves,  exposing  the  complete  engine  case 
and  accessories  for  ease  of  service  and  mainte¬ 
nance. 

•  Inherent  fire  safety  due  to  the  non -vent dated, 
non  preasu.-ired  bum-through  cowling  and  the  re¬ 
mote  engine  location  presided  by  strut  mounting. 

•  Freedom  and  flexibility  in  adapting  the  airplane 
configuration  to  ar.y  selected  engine. 


1.1  login*  Mtcda* 

At  this  time,  a  strung  argument  is  not  being  mad*  far 
any  one  of  the  specific  engine  ofle-  ngi  submitted  in  pre¬ 
liminary  form  on  November  15,  lt)b3.  The  piopjlaion  pod 
for  the  proposed  airplane  is  designed  around  the  Caneral 
Electric  G14  J4C  engine.  Although  this  engine  appeal* 
to  he  the  correct  choice,  based  on  the  current  RFP  tmasioa 
and  available  engine  data,  the  Boeing  configuration,  uaang 
the  propulsion  pod  concept,  lends  itaelf  to  uae  of  any  of 
the  offered  engine* 

Boeing  experience  with  the  Model  707  has  had  • 
useful  influence  on  engine  selection.  That  program  baa 
shown  that  the  rircraft  manufacturer  must  consider  thr 
long-term  utilization  and  growth  of  the  aircraft  and  net 
make  a  point-des  ign  evaluation  baaed  solely  on  conditions 
existing  at  the  outset  of  any  program. 

Early  efforts  to  combine  the  lessons  learned  in  tha 
Model  707  program  with  detailed  SST  trade  rtudies  in 
support  of  airline  forecasts  led  Boeing  to  the  augmented 
fan  as  the  desired  cycle.  This  choice  came  about  do*  to 
the  icsire  for  reasonable  subsonic  specific  fuel  consump¬ 
tion  and  low  airport  noise. 

These  early  judgments  have  been  altered  recently, 
in  part  by  unexpected  improve-ments  in  turbine  tcdmol- 
ogy  and  by  an  increased  understanding  of  tonic  boom. 
The  requirement  for  a  limiting  overpressure  of  2.0  psf 
during  transonic  acceleration  alror.gly  influences  engine 
cycle  choice. 

Improvements  in  turbine  technology,  both  in  ma¬ 
terial!  and  cooling  techniques,  have  led  to  a  reliable 
forecast  that  turbine  flame  tore  ja-ratu  res  200‘  to  300*  F. 
higher  than  was  believed  practical  three  yeera  ago  could 
he  used  when  thr  SST  become*  operational  Thia  con¬ 
sideration  raises  the  flight  speed  at  which  the  turhojei 
is  still  superior  to  the  fan.  At  a  fined,  supersonic  speed 
the  fuel  advantage  of  the  turbojet  is  increased. 

The  importance  of  simplicity  for  maintenance,  re¬ 
liability  and  early  availability  make  the  turbojet  cyde 


tnora  attnrtiwa. 

The  Boeing  Co tnpany.  in  selecting  lie  engine  to  ua* 
in  the  pn>po~tl  phase,  worked  with  Ihr  engine  manufac¬ 
turer*  to  ensure  that  the  turbojet*  being  offered  at  thia 
time  could  he  converted  either  to  rem-staged  turbojet* 
or  to  hirbufani  at  aome  later  date.  The  change  would 
occur  if  aubae<)uent  FAA -sponsored  rtudica  or  airline 
nerd*  should  necessitate  program  redirection. 

A  complete  discussion  of  thi  propoard  engine*  and 
the  (election  of  the  baaic  repine  for  the  proposal  is  con¬ 
tained  in  Section  11. 

1 .3  Propulsion  Mi 

There  are  four  independent  propulsion  pod*  (Fig.  1-2). 
Each  poa  is  hung  by  a  strut  to  the  underside  of  th*  in¬ 


board  win*  torque  boa.  The  enpino  ia  attached  to  th* 
strut  at  three  point*  with  conetype  fittings  Thews  fir- 
ting!  are  self-aligning  to  timpldy  installation.  Art  inlet 
assembly  is  bolted  to  the  engine  compressor  case  and 
an  exhaust  and  reverter  assen.blv  ia  bolted  to  the  engine 
turbine  frame.  The  inlet  and  the  exhaust  sections  may 
be  readily  removed  from  Die  propulsion  pod  far  separata 
maintenance  (Fig.  1-3) .  Cowling  over  the  engine  and  stn^ 
fairings  complete  the  propulsion  pod.  The  inlet,  th* 
engine,  and  Die  exhaust  section  comprise  a  unit  thxl  can 
be  aaaembltd  in  its  entirety  for  installation  an  the  itnit 
Because  the  unitued  exhaust  section  provides  Ha 
own  cooling,  the  engine  installation  is  not  cnmpramiaai! 
with  Urge  duct*.  Conventional  two-piece  cowling  can  b* 
used.  Airplane  and  engine  accessories  are  arranged  on  the 


A 


EQ  Pod  Arr+ofmmml 


06-2400-12 


4 


»*•  -  *  ■-  v/ 


t  ivV 


QQ  ftopw/uofl  Pod  Ground 


engine  in  the  usual  manner.  Thu  permit*  the  same  ease 
of  servicing  aa  is  typical  of  existing  airplanes.  Opening  or 
removal  of  the  cowl  panels  exposes  the  entire  engine  build¬ 
up,  including  the  portion  under  the  strut. 

1.3  fnglne  Inlet 

A  new  concept  of  a  variable  *•  -on- translating  cen- 
terbody  inlet  is  submitted  it.  us  proposal  (Fig.  1-4). 
Noteworthy  advances  in  safety  ai.  e^ici-mcy  are  realised 
by  this  new  dcuign. 

Control  of  the  inlet  it  accomplished  by  an  automatic 
control  system  which  governs  the  position  of  the  variable 
diameter  centerbody  and  the  controlled  bypass  doors. 


Natural  forces  act  on  secondary  air  inlet  doors  for  takeoff 
and  on  secondary  bypass  doors  to  arrest  shock  expulsion. 
The  system,  except  for  the  fuel  supply  pump,  is  self-con¬ 
tained  within  the  inlet  and  require*  no  signal  from  the 
flight  deck. 

The  inlet  provides  a  cruise  pressure  recovery  of  §0 
percent  at  a  bleed  penalty  of  only  5  percent.  Performance 
is  also  high  during  off-design  conditions. 

1.4  lahoust  System 

Tne  complete  exhaust  norrle  and  reverser,  including  in¬ 
tegral  resiling  provisions,  nrtonlion.  and  cascade  covers, 
is  rupplied  by  the  engine  manufacturer  as  a  unit  (Fig.  1*3) , 
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Clear  definition  of  responsibility  for  development  and 
operation  ia  thua  ensured.  Development  of  this  hot  aee- 
tion  as  an  independent  item,  completely  free  of  any  air¬ 
frame  considerations  such  aa  cool  inf  air,  is  assigned  to 
the  engine  manufacturer. 

For  maintenance  and  serviceability  the  exhaust  noz- 
tle-revcraer  section  is  readily  detachable  from  the  enfine. 
The  engine  exhaust  system  consists  of: 

•  The  aft  section  of  the  engine  augmentor  case 

•  The  variable  area  convergent-divergent  noixle 
a  The  integrated  thrust  reveraer 

a  The  variable  nrca  secondary  inlets  for  nozzle  ven¬ 
tilation  and  cooling  air 

a  Actuators,  controls,  and  associated  plumbing 
a  The  exterior  cowling  from  the  aft  end  of  the 
engine  cowl  panels  to  the  nozzle  exit 
The  design  of  the  system  w  ill  he  closely  coordinated 
by  Boeing  and  the  engine  manufacturer.  Boring  will  con¬ 


trol  the  external  lines  of  the  exhaust  system  and  integral* 
the  exhaust  and  reverser  systems  into  the  propulsion  pud. 

Noise  suppressors  are  not  requir  •'  The  takeoff,  land¬ 
ing,  and  ground  noise  requirements  are  satisfied  without 
special  hardware.  Nevertheless,  The  Boeing  Company 
is  applying  ita  experience  in  testing,  analyzing,  and  ra¬ 
il  ucing  noise  throughout  the  design. 

1.9  Fuel  System 

Simplicity  is  a  feature  of  the  SST  fuel  aystem,  giving 
it  the  desired  maintainability  and  reliability.  Only  four 
main  and  two  auxiliary  tanks  are  used  (Fig.  1-T).  Center 
of  gravity  control  is  mainlalnid  hv  a  ha  lanced  arrange¬ 
ment  of  tanks  and  hv  feeding  furl  directly  from  the  tanks 
to  the  engines  without  monitoring  or  switching  by  the 
flight  engineer  or  by  the  u-c  of  computing  devierv  TTia 
auxiliary  tanks  use  an  override  pumping  system  to  deliver 
fuel  to  the  crossfeed  manifold  and  selected  engines.  R*- 
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servea  ire  equally  distributed  in  the  main  Urdu.  System 
design  precludes  tsnk  to-Unk  transfer.  Cram  feeding 
from  main  Links  to  an  engine  ia  used  only  to  rompenaata 
for  unusual  conditions,  such  aa  an  enfine  out  or  sustained 
differential  fuel  consumption. 

A  combination  of  thermal  insulation,  scheduled  fuel 
usage,  and  natural  oxygen  depletion  through  an  open- 
vent  system  eliminates  coking  and  the  formation  of  tank 
deposits.  The  need  for  inerting  and  purging  is  avoided 
by  locating  tanka  in  cooler  portions  of  the  airplane  and 
by  placing  vent  exits  to  avoid  full  align  tion  tempera¬ 
tures.  Transient  overshoots  to  Mach  2.8  «riO  not  be 

hazardous. 

Pressure  fueling  and  de fueling  is  done  from  tee 
stations  containing  nozzle  adapters,  tank  quantity  gages, 
controls  and  illumination. 

The  dump  system  uses  portions  of  the  pressure  fuel¬ 
ing  plumbing  snd  the  sdditional  capacity  in  the  engine 
feed  system  boost  pumps  to  jettison  fuel  out  of  a  filed 
tube  in  the  body  tail  cons. 

I.A  Other  Design  Considerations 

A  pneumatic  starter,  mounted  on  the  gear  bo*  of  rech 
engine,  ia  used  for  engine  starting.  Air  from  either  a 
ground  source  or  an  operating  engine  is  used  to  drive  the 
starter.  The  time  required  to  start  ia  approximately  37 
seconds. 

Tire  engine  oil  system  is  an  integral  part  of  the 
engine  and  is  furnished  b>  the  engine  manufacturer.  Tha 
system  capacity  ia  sufficient  for  all  flight  requirements. 

Engine  fuel  is  used  for  cooling  the  accessories.  The 
compartment  Housing  the  accessories,  plumbing,  electrical 
systems,  and  controls  is  an  annular  chamber  insulated 
from  the  engine  case.  The  outer  wall  of  this  compart¬ 
ment  is  formed  by  the  insulated  cowl  panels.  Tha  aft 
end  of  the  c\ •mpartnv.at  is  a  conventional  firewall  barriar 
to  the  aft  pretion  of  the  engine.  The  forward  wall  ia  a 
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portion  or  the  inlet  Convection  cooling  to  the  many  h*»- 
iooled  item,  and  lm«  eaUblmhe.  the  temperature  en¬ 
vironment  or  the  compartment  The  environment  mU 
be  leu  aeveie  then  that  in  the  uaual  unrhielded  engine 
cxie  accesacy  aectiona  typical  oT  today  (  )et  tranipoctl 
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ability  of  fire  or  of  aerioue  damage  if  one  doea  occur  the 
engine  cowling  consUta  ol  two  hinged  titanium  aft* 
auemblies  with  aluminum  bum-out  panel*.  canbuaUMea 
are  *e  pa  rated  Iron,  ignition  aourcea;  fluid  drama  are  pro¬ 
vided;  air  flow  through  the  compartment  »  mmcmiatL 
Fire  protection  ia  provided  by  a  continumm-etawnt  nr* 
detector  and  a  high-re te-diacharge  eetmguiahmg  eyitaA 
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2.0  CNGINI  INSTAUATION  IMP 

2.1  Oanarol  DturlpH** 

TV  major  component!  of  the  propulsion  pod  are  shown 
in  Fig.  2-1.  The  pod  consists  of  .  (1)  the  supersonic  inle^ 
(2)  the  engine  section,  (3)  the  exhaust  section,  and  (4) 

***  Several  changes  from  the  General  Electric  GE4  J4C 
November  15,  194V’.  proposal  engine  were  necessary  to 
make  the  engine  compatible  with  the  propulsion  iy»t*m 
installation.  The  dwiationa  listed  below  have  been  agreed 
upon  by  General  Electric.  .  . 

•  The  engine  support  system  designed  to  permit 
a  three- point-attachment  method. 

.  The  forward  flange  of  the  engine  designed  to  aup- 
port  the  supersonic  inlet  through  use  of  a  bolted  flange 

arrangement  n^e  ircrMOry  ,j„r  hot  enlarged  to  include 

provisions  for  direct  mounting  of  a  starter,  two  hydraulic 
pumpa,  and  a  generator  with  its  constant  speed  drive. 

•  The  compressor  outlet  guide  v»nes  designed  to 
be  routed  to  an  overlapping  position  by  moving  the  «n- 
gine-sUrt  lever  to  the  cut-off  position.  This  provide*  a 

windmilling  brake.  ,  . 

.  The  engine  accessory  compartment  insulated  from 
the  engine-case  temperatures  by  sn  engine  mounted,  Boe¬ 
ing  supplied  annular  shell.  Boundary  layer  bleed  sir  from 
the  first  stage  of  the  compressor  flows  »JL* 
between  the  shell  and  the  engine  case.  The  shell  is  fitted 
with  thermal  insulating  blankets.  . 

•  The  enpme  fuel  control  designed  to  include,  (a) 

an  unlocked  rotor  regime  for  flight-idle  as  »  standard  op¬ 
erating  procedure;  (bl  a  partial-reverse-thrusl  operation 
hand;  and  (c)  a  special  bins  to  open  the  sUtor  snglea 
during  re\  erse-thrust  operation.  ,  .  ,  . 

a  The  engine  exhaust  system  designed  to  include 
variable  area  boundary  layer  sir  scoops  to  provide  venti¬ 
lating  and  cooling  air  to  the  exhaust  noaxla. 


.  The  exhaust  [•■  exit  path  for  m  verae- thrust  i 
ation  tailored  to  match  the  propulsion  pod  poaitiona  an  in* 

airplane  is  bolted  to  the  JjJ 

the  ei.gine.  The  aft,  or  exhaust,  section  is  fumuhed  of 
the  engine  manufacturer. 

The  engine  section  is  the  center  portion  of  U«a  Im¬ 
pulsion  pod.  Conuined  within  the  engine  -cuon  are .  the 
engine  and  iU  mounts.  the  engine  acressonea,  the  engma- 
driven  airframe  accessoriew.  and  the  eI1gme-m.trumeiiU- 
tion  transmitters,  together  with  associated  plombmg.  w^ 
ing  and  controls.  To  provide  rapid  sou  unhampered  acce- 
to  all  areas  requiring  frequent  servnng  and  maintenance 
hinged  cowling  with  quick-releaae  Utchea  ervdoae  ttoa  m- 

,in*  'Ihia  propulsion  pod  provides  the  lame  rosy  and  *‘mp|» 

s cess  to  engine  componenU  characteristic  of  aubwn* 

jets.  Complete  propulsion  pods  can  be  built-up  ui  ttsag 
entirety  before  installation.  By  this  method,  comptH* 
pods  can  he  placed  at  strategic  locations  throughout  the 
world  for  use  as  pool  stock. 


2.3  MounHn® 

Each  propulsion  pod  is  attached  to  the  underside  of  th* 
inboard  wing  toique  box.  Tie  renter  section  or  structural 
portion  of  the  strut  con li ins  two  structural  bulkhead* 
made  of  heat-treated  AISI  17-4PH  corrosion- resistant 
steel.  These  bulkheads  accept  the  engine-mount  loads  and 
transmit  them  to  the  wing  front  and  rrar  spar*.  Shear  fit¬ 
tings  are  used  at  the  wing-to-stnit  attach  points  to  pro¬ 
vide  rapid  removal  and  installation  of  the  strut-  Forward 
and  aft  of  the  structural  poition  of  the  strut  are  non- 
atructursi  fairings.  These  are  attached  to  the  lower  aunac* 
of  the  wing  with  quick-release  fastener*. 

The  engine  is  attached  to  the  strut  by  a  conventional 
three  point  attach  system  siinilsi  to  that  used  on  the 
Model  707  commercial  ieU  Details  of  the  system  are  ahown 
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i«  filed  and  i«  part  of  the  strut.  The  faffing  for  the  all 
attach  point,  alio  part  of  the  strut,  if  hinged  to  allow  fee 
engine  expansion.  The  ~  'f  bolts  and  the  links  ai*  gads 
of  heat-treated  A1S1  17-4PH  corrosion  resistant  itad  as 
are  the  strut  forgings 

Tlie  load  ding  ram  for  the  three  point  mounting  system 
is  shown  in  Fig.  2-3.  Engine  thrust  is  taken  totally  at  Point 
1.  Engine  side  and  vertical  loads  are  taken  at  Points  1,  l 
and  3.  Engine  wirure  loads  are  taken  et  Points  1  and  S. 

2.3  tngine  Oil  Systom  (KfP  2.1  Oi  2.2S.2) 

The  engine  oil  system  (Fig.  2-4)  provides  for  engine  lubri¬ 
cation  and  it  an  integral  part  of  the  engine.  It  ii  fumiabad 


fig  ins  Mavafiaf 


in  Fig.  2-2.  Two  attach  points  are  on  the  engine  forward 
mount  ring  and  one  attach  point  is  on  the  engine  rear 
mount  ring.  The  engine  is  installed  by  scoring  a  cone  bolt 
at  each  of  the  three  attach  points  and  torquing  a  nut  on 
ea~h  bolt.  Within  the  cone  bolt,  engine  vertical  loads  art 
taken  in  boit  tension;  thrust  and  side  loads  are  taken  in 
bearing  on  the  com  socket.  The  cone  bolts  are  self-aligning 
and  simplify  engine  installation  by  eliminating  the  need 
for  precise  alignment  of  matching  holes  before  a  bolt  can 
be  inserted  Two  cone  bolti  are  attached  to  the  engine  by 
linka  which  transmit  the  engine  loads  tangentially  from 
the  engine  case.  Two  forgings  attach  the  cone  bolta  to  the 
strut  structure.  The  forging  for  the  forward  attach  points 
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by  the  engine  manufacturer.  The  system  k  comprised  of 
the  following  iterm:  an  oil  tank  of  nine  gallona  total  oQ 
capacity,  which  also  contain*  a  deaerator;  a  fuel  oil  heat 
exchanger,  which  cool*  the  oil;  pump*  which  provide  for 
acavenging  and  pressurizing  the  lubrication  system;  and 
an  oil  biter,  which  i*  bypassed  should  the  filter  become 
dogged. 

The  instrumentation  tc^uircd  to  monitor  the  oil  sys¬ 
tem  (Fig.  '•-7)  is  fumi-hed  and  installed  on  the  engine  by 
Boeing.  Components  of  this  instrumentation  are; 

•  Oil  quantity  probe 

•  Oil  pressure  transmitter 

•  Oil  low-pressure  warning  switch 

•  Oil  temperature  probe 

•  Oil  filter  pressure  transmitter 

•  Oil  breather  pressure  transmitter. 

The  oil  flow  cir.-uit  for  engine  lubrication  begins  with 
the  oil  being  scavenged  from  the  engine  bearings  and 
pumped  into  the  fuel  oil  heat  exchanger  where  it  is  cooled. 
From  the  heat  exchanger,  the  oil  flows  through  ■  filter  and 
check  valve  to  a  tank  where  it  ia  deaerated.  From  the  o3 
tank,  the  oil  passes  in  aeries  through  a  pre-  sure  pimp,  a 
fitter,  a  check  valve,  and  on  to  the  various  Hearings  re¬ 
quiring  lubrication.  The  syatem  operates  at  a  normal  pre:  - 
sure  of  sO  to  70  psig  with  pressure  relief  occurring  at  100 
psig.  The  oil-in  temperature  limits  are  — 40"  F.  to  42.V  F. 
For  engine  starts  at  lower  temperatures,  some  external 
heating  will  be  required. 

The  type  of  oil  used  is  per  General  Electric  specifica¬ 
tion,  GEA  SOT  20A.  An  experimental  oil,  Esso  WSX-5435, 
is  being  qualified  to  the  Grnrral  Electric  specification*. 
The  nine  gallon  tank  ia  more  than  enough  for  the  maxi¬ 
mum  endurance  of  the  airplane  at  the  guaranteed  maxi¬ 
mum  oil  consumption  of  0.50  gallons  per  hour. 

3.4  Acctisarla* 

To  provide  maximum  reliability  and  the  liest  possible  loca¬ 
tion  for  maintenance  and  serviceability,  the  main  hydrau¬ 


lic  pumps  and  the  constant  speed  drive  electrical  genera¬ 
tor  are  mounted  directly  on  the  engine.  These  airframe 
accessories  are  adjacent  to  the  engine  starter  and  also  to 
the  engine  accessories.  Fig.  2-5  show*  the  location  of  tha 
major  sect.-  series  mounted  directly  on  the  engine  and 
readily  'accessible  through  the  open  cowt  panda. 

T)>e  hydraulic  pump*  are  cooled  by  the  fluid  that  I* 
pawing  through  them.  The  constant  speed  drive  and  tha 
generator  are  bo*.i  cooled  by  the  constant  speed  drive  ad. 
The  oil  is  in  tun.  cooled  by  a  fud-to-oil  heat  exchanger. 
A  schematic  diagram  of  this  cooling  system  k  slwans  to 

rig.  2-*. 

3.S  Initrwmosiftlaw  and  Engine  Analyser 
3.5.1  INSTRUMENTATION  Utff  3.3.11  Si 

Complete  and  accurate  indication*  of  all  important  eogin# 
functions  are  provided  at  the  flight  deck  by  signals  fnaa 
electrical  transmi'ter*  mounted  on  the  mgine.lThe  instru¬ 
ment  panel  arrangement  is  shown  in  Volume  A-VUJFig. 
2-7  lists  for  each  function  the  type  of  indication,  monitor 
location,  and  the  tvpe  of  pickup  used. 

With  the  exo  ption  of  thrust  indirstka^  aO  of  tha  in¬ 
dicator*  and  transmitters  are  production  items  used  on 
present  day  ain  ralL  A  schematic  diagram  of  the  thrust 
indication  system  is  shown  in  Fig.  2-8.  The  system  pro¬ 
posed  for  the  SST  will  reert  electrically  to  change*  in  tha 
nozzle  ares  as  well  as  changes  in  the  ratio  of  the  total 
exhaust  gas  pressure  to  the  inlet  total  pressure.  Thk  sya¬ 
tem  is  very  similar  to  present  engine  pressure  ratio  sya 
terns.  The  only  difference  is  that  the  nozzle  area  variabl* 
dues  not  exist  on  present  fixed  area  exhaust  systems  for 
suhaopic  jets. 

Another  method  of  thrust  indication,  which  has  been 
used  for  flight  lest  purposes,  is  under  consideration  far 
the  SST.  This  method  will  give  a  direct  reading  of  pod 
net  Ihrusl  by  electrically  reading  the  forer  exrrtid  by  tha 
pod  on  the  thrust  link.  The  Boeing  SST  engine  mount- 
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FUNCTION 

LOCATION 

TYP€  OF 

TYPE  OF  PICKUP 

PILOT  FLTENG. 

INDICATOR 

1 

rpm 

X 

DIAL 

TACHOMETER  GENERATOR 

I 

EXHAUST  CAS  TEMPERATURE  (ECT) 

X 

DIAL 

THERMOCOUPLE 

1 

THRUST  (ERA*) 

X 

DIAL 

transmitter 

4 

tank  fuel  temperature  -  mains. 

X 

DIAL 

thermocouple 

j 

TANK  rUEL  TEMPERATURE -AUXILIARY 

X 

DIAL 

thermocouple 

• 

fuel  Fiat 

X 

DIAL 

transmitter 

i 

INLET  FUEL  TEMPERATURE 

X 

DIAL 

RESISTANCE  BULB 

■ 

OIL  PRESSURE 

X 

DIAL 

transmitter 

* 

0*1  BREATHER  PRESSURE 

X 

DIAL 

transmitter 

it 

OIL  TEMPERATURE 

X 

DIAL 

thermocouple 

ii 

OIL  QUANTITY 

X 

DIAL 

CAPACITANCE  TYPE  PROBE 

u 

LOR  OIL  PRESSURE 

X 

LIGHT 

PRESSURE  5RITCH 

u 

OIL  FILTER  CONOITION 

X 

LICHT 

PRESSURE  SWITCH 

14 

VIBRATION 

X 

DIAL 

MASS  ACCELERATOR  j 

IS 

ANTVICWC 

X 

LICHT 

VALVE  POSITION  SWITCH 

K 

INLET  TOTAL  PRESSURE 

X 

DIAL 

TRANSMITTER 

W 

INLET  POSITION 

X 

DIAL 

TRANSMITTER 

II 

AUTO.  INLET  CONTROL 

X 

LICHT 

POSITION  SWITCH 

If 

NOZZLE  POSITION 

X 

DIAL 

TRANSMITTER 

» 

FIRE  DETECTOR 

X 

BELL  AND  LICHT 

CONTINUOUS  ELEMENT 

II 

TH..UST  REVERSFR  POSITION 

X 

LICHT 

POSITION  SNITCH 

a 

CSO  OIL  INLET  TEMPERATURE 

X 

DIAL 

THERMOCOUPLE 

is 

FUEL  QUANTITY  EACH  TANK 

X 

DIAL 

CAPACITANCE  TYPE  PROBE 

« 

total  fuel  remaining 

X 

DIAL 

TRANSMITTER 

IS 

FUU  PUMP  10*  PRESSURE 

X 

LICHT 

PRESSURE  SWITCH 

it 

FUEL  VALVE  IN-TRANSIT 

X 

LICHT 

POSITION  SWITCH 

ii 

STARTER  MANIFOLO  PRESSURE 

X 

DIAL 

TRANSMITTER 

n 

FUEL  CONSUMED  FLOWMETER 

X 

DIAL 

transmitter 

F ng<nm  IffifrvMnfatiM 
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inf  system  in  easily  adaptable  to  this  method  of  thrust 
measurement 

Careful  detail  design  will  eliminate  the  possibility  of 
any  thrust  being  transmitted  by  other  links,  fluid  lines 
ducts,  or  engine  cowling.  Elongation  of  the  thrust  link 
will  be  measured  electrically  to  give  the  thrust  load.  Com¬ 
pensation  for  airplane  attitude  and  “g"  loading  will  be 
accomplished  within  the  system.  Tills  approach  to  thrust 
measurement  can  be  developed  to  give  a  true  leading  of 
actual  engine  thrust  with  an  accuracy  equivalent  to  exist¬ 
ing  engine  pressure  ratio  systems. 

2.5.2  ENGINE  AN  At  YZER-MAINTEN  ANCE 
ANALYSIS  AND  RECORDING 

Aa  a  means  of  reducing  maintenance  costa  and  improving 
achcdule  adherence,  a  flight  maintenance  analysis  and  re¬ 


cording  system  is  under  consideration  for  the  engines  and 
engine  aermsorics  used  on  the  SST.  By  monitoring  end 
analyzing  engine  performance,  this  system  assists  in  pin¬ 
pointing  probable  failures  fur  preventive  action.  Th*  po¬ 
tential  benefits  may  be  considerable  but  further  evalua¬ 
tion  of  rflectivrness  and  reliability  is  required. 

The  system  provides  information  in  two  forma.  Pint, 
the  on-board  display  aflords  a  quick  look  at  the  data  being 
accumulated  and  indicates  any  significant  out-ol-toleranoa 
conditions  to  the  flight  crew.  Second,  the  data  are  recorded 
on  magnetic  tape  for  later  drlailed  unaly.ui  at  ground  fa¬ 
cilities  by  general  purpose  computers,  such  as  thoae  gen¬ 
erally  available  at  airline  installations. 


2.4  Build-Up 

Engine  build  up  is  the  installation  on  the  engine  of  plumb¬ 
ing,  wiring,  and  components  by  the  airplane  manufacturer. 
Only  plumbing  and  wiring  w  ill  be  discussed  here;  compo¬ 
nents  are  Hiscw  sed  in  other  parts  of  Section  2. 

Tile  plumbing  is  conventional,  uncomplicated,  and 
readily  install'd  or  removed  by  standard  wrenches.  Wher¬ 
ever  possible,  tubing  bends  are  used  to  control  thrr.ial 
expansion,  eliminating  the  need  for  hose*. 

Fuel  and  oil  lines  on  Booing  subsonic  jet  engine*  are 
in  areas  where  eng-'nr  case  temperatures  reach  750‘  F,  wcD 
above  the  autoignition  temperature  of  aircraft  fluids.  Yet, 
with  more  than  IH  million  hours  of  engine  time,  autoigni¬ 
tion  resulting  from  fluid  leakage  Is  not  a  probl  m.  TTra 
SST  environment  forward  of  the  firewall  is  not  different 
from  that  of  the  subsonic  jcL  Since  the  leakage  potential 
Is  no  greater,  the  use  of  end  fittings  for  tuhlng  on  the  SST 
docs  no*,  incrr.re  fire  hazaro.  The  gains  associated  with 
welded  fillings  in  engine  build  up  do  not  appear  to  war¬ 
rant  the  cddid  co-t  of  streking  spare  welded  tu'ne  assem¬ 
blies  where  the  use  cl  raw  stork  tul  ing  will  suffice.  Stand¬ 
ard  end  fittings  are  therefore  used  in  the  SST  engine 
build-up 


a 
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To  facilitate  engine  charge*  hydraulic  tubing  run*  are 
terminated  in  self-ac-ling  couplings  (quick-disconnect  fit¬ 
ting*)  at  a  common  disconnect  bracket.  All  tubing  and  end 
fittings  are  made  of  corrosion  resistant  iteeL  Tubing  runa 
are  supported  by  clamps  made  of  corrosion  resistant  steel 
containing  a  cushion  of  asbestos-impregnated  teflon  rein¬ 
forced  with  wire. 

Tubing  less  than  1.0  inch  in  diameter  use*  flareleas-end 
fittings  with  conventional  "B”  nut*  Tubing  assembling 
from  1.0  to  2.0  inches  in  diameter  have  flared -end  fittings 
with  “B"  nut* 

Tubing  greater  than  2.0  inches  in  diameter,  such  aa 
the  main  fuel  line  and  the  engine  bleed  ducts,  terminates 
at  disconnect  points  which  are  flexible  to  allow  for  mis¬ 
alignment  and  thermal  growth.  These  tube  sixes  use  bolted- 
flange  end  fitting* 

High  temperature  wire  and  connectors  suitable  for 
the  environment  are  used  in  tire  engine  electrical  installa¬ 
tion.  The  iring  is  routed  in  bundles  from  equipment  on 
the  engine  to  flame- resistant  connectors  at  the  stnt- 
firrwall  disconnect  point*  Large  bundles  of  wires  which 
would  otherwise  be  exposed  to  chafing  or  damage  by  main¬ 
tenance  personnel  are  protected  by  channel  raceway* 
Convrt  tionzl  high  ternpe-nture  loop  clampa  are  used  to 
attach  the  wiring  to  the  engine.  In  systems  such  as  th* 
oil  system,  where  more  than  one  instrument  reading  is 
taken,  the  wiring  from  each  transmitter  is  run  in  different 
bundles  to  prevent  complete  loss  of  instrumentation  of 
that  system  should  a  wire  bundle  he  damaged.  C.round 
buses  are  installed  from  the  hasic  engine  structure  to  the 
aircraft  to  maintain  electrical  continuity  without  depend¬ 
ing  on  the  engine  support  fitting* 

2.7  Accessory  Compartment  Environment 

The  engine  compartment,  which  contains  both  airframe 
arccsmric*  and  engine  accessories,  is  maintained  at  a  rela¬ 
tively  cool  temperature  and  a  minimum  rate  of  ventila¬ 
tion.  This  provides  an  environment  thst  ensures  reliability 


and  long  life  of  the  accessories.  It  also  gives  the  maximum 
protection  from  fire  and  permits  a  simple,  lightweight,  and 
effective  extinguishing  system. 

A  suitable  envirunment,  with  acceptable  temperature 
limita  for  accessories,  i*  provided  by  use  of  fuel  cooling 
of  components  within  the  compartment  and  by  insulating 
the  compartment  from  the  engine  cue. 

The  compartment  is  insulated  by  two  feature*  Tint, 
the  engine  case  proper  is  enclosed  within  an  engine-mount¬ 
ed  annular  shell.  Boundary  layer  bleed  air  from  the  find 
stage  of  the  compressor  slowly  flow*  between  the  engine 
case  and  th.'  annular  shell.  This  air  maintains  the  tem¬ 
perature  inside  the  shell  below  550  F.  Second,  the  outar 
surface  of  this  shell  is  insulated  by  a  thermal  blanket 
which  maintains  the  compartment  temperature  at  an  ac¬ 
ceptable  levrl  (Fig.  2-9). 

Airflow  in  Die  accessory  xnne  is  held  to  the  minimum 
amount  requited  for  venting  to  compensate  for  altitude 
rlmnges.  This  is  done  for  three  reasons:  there  is  no  appre¬ 
ciable  gain  in  rone  moling  with  airflow;  fire  extinguishing 
system  effectiveness  deteriorates  as  airflow  increases;  and, 
fire  temperatures  are  limited  when  fires  are  oxygen-starved. 

The  essential  features  of  tlie  compartment  are  shown 
in  Fig.  2-10. 

2.<  Drain  System 

Drainage  in  the  pod  falls  into  three  categories:  cowl  drain¬ 
age,  engine  pad  and  equipment  drainage,  and  large- voluma 
fuel  drainage.  Danger  from  flammable  fluids  and  contam¬ 
ination  ol  the  engine  compartment  is  minimized  by  three 
drains.  A  list  of  the  items  drained  is  shown  in  Fig.  2-1 L 
A  diagram  of  the  drain  system  is  shown  in  Fig.  2-12. 

2.1.1  COWl  DRAINAGE 

Leakage  of  rain,  fuel,  oil,  and  hydraulic  fluid  within  th* 
pod  cowing  is  drained  overboard  at  the  cowl  low  point 
To  provide  a  good  flow  path  for  fluid,  each  circumferential 
frame  of  the  cowling  has  a  large  oflset  The  fluid  flow*  be- 
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tw«n  the  cowl  akin  and  the  frame  offset  to  the  low  point. 
The  fluid  drains  overboard  through  a  0.5-inch  diameter 
hole  in  the  cowl  at  that  point 

1.9.7  ENGINE  fAD  AND  IQUrMBfT 
DRAINAGE 

The  engine  drain  system  removes  from  the  engine  com¬ 
partment  the  fluids  resulting  from  leakage  or  overflow  of 
the  engine  components.  Individual  drain  tubes  are  run 
from  mi  h  engine  component  and  accessory  requiring  drain¬ 
age.  The  discharge  point*  of  the  drains  are  clustered, 
providing  a  convenient  point  to  check  accessor**  for  ex¬ 
cessive  links;:*.  Tlie  drain  tube  outlet*  are  located  at 
the  aft  end  of  the  cowling  pressure  relief  panel.  Tht 
cowl  eiit  Li  shaped  tc  direct  drainage  overboard  and  pre¬ 
vent  it*  re -entry.  This  same  method  of  drainage  is  uaed 
on  the  Mode]  707  airplanes. 

2.8.3  FUFl  DRAINAGE 

Fuel  drainage  from  the  main  fuel  manifold,  the  augmmtor 
manifold,  and  combustors  is  collie  l«d  in  a  drain  can.  This 
drainage  Mould  l«e  ohyctionallr  if  discharged  directly  on 
the  gnmnd.  Pn*s«>ur  i/a  lion  of  the  can  by  ram  air  forces 
the  fuel  overboard  through  the  drain  nil  in  the  engine 
cowling. 
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19  Inglnft  CowUftf 

The  engine  cowling  (Fig.  2-13)  extends  from  the  aft  end 
of  the  out^r  surface  of  the  engine  inlet  to  the  forward  and 
of  the  engine  exhaust  nozzle.  Opc*r.i/ig  the  cowling  provides 
access  to  the  engine  mounting,  plumbing,  wiring,  and  ec- 
eesaorios  There  are  two  titanium  alloy  (Ti-£Al-lMo  IV) 
duplex -tnneaWd  panels  for  each  engine.  Each  panel  la 
nadily  removable  by  unlatching  and  rotating  the  paiMl 
to  the  removal  position.  Ordinary  hand  tools  suffice  far 
panel  removal.  Hither  panel  may  be  ren«oved  without  re¬ 
moving  or  adjusting  the  other.  Hither  one  of  the  panels 
can  be  rotated  to  the  open  position  and  secured  there  by 
tubular  bract*.  Thin  gives  easy  arena  to  the  accessory 
an*  wilhojt  i "moving  the  panel  completely. 

Quick  arcc^i  for  oil  serv  icing  is  provided  by  A  separata 
small  access  door  in  the  cowl  panel.  Access  for  ground  fire 
extinguishing  is  provided  by  push-in  panel*.  Two  large, 
permanently  installed.  aluminum  alloy  subpanela  are  pro- 
vidrd  to  allow  fire  bum-through  relief  should  an  engine 
corr.pirtmi  nt  fire  occur.  The  very  light  gage  of  the  non- 
structural  panel  combined  with  the  low  melting  point  o! 
aluminum  results  in  very  early  failure  of  the  panel  when 
it  is  subjected  to  a  fire  environment  A  small  hinged  axna 
door  is  al*o  provided  for  adjusting  the  fud  control  unit 
during  an  engine  ground  run. 

2.10  Ingin*  Compartment  fire  Protection 
(RIP  2.22.1,  3.2.13.41 

2.10  1  COMPARTMENT  DESIGN 

The  engine  compartment  is  deigned  to  reduce  to  the  min¬ 
imum  the  probability  of  fire  by:  (1)  separating  c A  com¬ 
bustibles  from  ignition  source*,  (2;  providing  drains  to 
prevent  accumulation  of  combustible  fluid*  and,  (3)  pro¬ 
viding  an  appmprntr  pressure  difTermtial  across  zones  to 
prevent  the  moven’wn*  of  combo -tihle  gav*  from  one  zone 
to  another.  Fire  protcvtion  is  provided  by  a  continuous 
element  fire  detec  tor  system  and  a  single  nozzle,  high-rate- 
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discharge,  fin  extinguishing  system.  All  rotnp-nenta  locate 
ad  ip  *.  lire  um  are  file  rtxuUnl  in  accordance  with  CAR 

4ta 

The  engine  is  aupported  (run  the  winf  by  a  »tmt 
which  provider!  a  physical  separation  of  an  engine  fire  or 
explosion  from  the  wuig  primary  structure  and  fuel  tanka. 
The  forward  vertical  bulkhead  and  the  lover  spar  of  thia 
•trot  are  constructed  of  stainless  iteel  to  isolate  the  engine 
compartment  from  the  strut.  All  comportments  within  the 
•trot  containing  fluid-carrying  linn  are  draft  sealed,  vent¬ 
ed.  and  drained.  Draft  seals  are  provided  between  the  strut 
and  the  wing  structure. 

T.o  large  engine-fire  bum  through  panels  provide 
prmuirc  relief  of  the  engine  com ;  .  rUrs-n t  and  allow  pas¬ 
sage  of  fluid  and  flame  out  of  thia  compartment  should  an 
engine  fire  occur. 

All  fluid  carrying  lines  and  elntrical  lenda  enter  the 
engine  compartment  through  sterl  fittings  and  are  firo- 
pmof  in  accordance  with  CAR  4b.  All  cun.pur.enta  located 
in  a  designated  fire  zone  are  eiplnainnpronf.  Compartment 
ventilation  ia  essentially  M-ro  and  limited  to  that  necessary 
to  provide  adicjuate  venting  for  altitude  rliangea.  A  small, 
positive  pressure  differential  La  provided  betwi-en  tlie  aecea- 
aory  section  and  the  free  air  a|iaee  to  prevent  flow  of  gaa 
into  the  accessory  section. 

Tfie  components  in  the  engine  combustor  section,  auch 
aa  afu-rbtimer  fuel  linra,  fuel  drain  can,  and  thermocouple 
hamraa,  are  designed  to  withstand  puddle  fires. 

2.10.1  FIBE  DETECTION 

A  eontinuoua  element  fire  detector  system  ia  installed  in 
each  engine  oompartrrvnL  The  elem-nt  ia  engine  mounted 
and  attached  with  quirk  oprning,  hingid  clips.  The  ele¬ 
ment  run  covers  the  bottom  of  the  engine  and  other  criti¬ 
cal  arena  which  require  fire  dejrtion  coverage.  The  detail 
routing  of  the  element  run  provides  maximum  protection 


from  damage  by  maintenance  personnel  or  adjacent  angina 
components.  Chafing  or  breaking  the  element  will  not 
cause  false  fire  warnings  Indication  of  either  a  fire  with¬ 
in  the  engine  compartment  or  an  almormal  temperature 
condition  is  provided  to  the  flight  deck.  An  abnormal  tem¬ 
perature  condition  auch  aa  the  rapture  or  leakage  of  a  high 
pressure,  high  temperature  air  duct,  ia  indicated  by  • 
flashing  red  light  A  fire  condition  ia  indicated  by  a  con¬ 
tinuous  glow  of  the  red  light  and  an  alarm  belL 

2.10.3  HUE  EXTINGUISHING 

The  engine  compel  Intent  fire  extinguishing  system  ia  a 
•ingle  nozzle,  high-rale-diarharge  system.  Two  auppiy 
bottles  containing  an  extinguishing  agent  ( triflorobroauo- 
mcthunc)  are  installed  on  each  aide  of  the  airplane  with 
provisions  for  discharging  the  age  it  into  the  engine  caae- 
partmenL  Or.  each  aide  of  the  airplane,  either  bottle  or 
both  bottles  may  be  discharged  into  either  accessory  com¬ 
partment  .  A  fire  extinguisher  (witch  for  each  aoceaeory 
compartment  and  two  transfer  switches,  one  for  the  two 
extinguisher  bottles  on  the  left  hand  aide  and  one  for  the 
two  extinguisher  bottles  on  the  right  hand  side,  are  pro¬ 
vidrd  on  the  flight  deck. 

3.10.4  FIRE  SWITCH 

A  fire  switch  ia  provided  for  each  engine.  Actuation  of  the 
switch  accomplishes  the  following: 

•  Clou's  fuel  shutoff  valve 

•  Closes  hydraulic  auction  shutoff  valves 

•  De-excitou  generator  and  disconnects  generator 
from  el.ctrical  system 

•  Cuts  out  hydraulic  pressure  warning  lights 

•  Arms  the  engine  fire  extinguishing  system 

•  Closes  air  bleed  shutoff  vajvaa 

•  rioaea  rngine  anti-ice  valves 

All  functions  can  be  returned  to  normal  in  flight. 
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3.0  INGINC  I  NUT  SYSTEM  (IfF  3.2.*.*/ 
2.25.31 

3.1  lnl«t  C«niM«rotlonft  Summary 

TK-  supersonic  inH  present*  one  of  the  major  denign 
problems  confronting  the  supersonic  transport,  both  from 
performance  and  safety  standjinint*.  Boeing  submits  in 
th.a  proposal  an  inlet  concept  that  is  new  to  supersonic 
aircraft.  In  its  es^nlialr,  tfiis  design  embodies  the  well 
known  aii-symmetric  inlet  design  techniques  A  variable 
diameter,  non  translating  centerbody  is  provided  to  control 
throat  area  independent  of  capture  area.  Safety  of  flight  is 
guaranteed  by  the  use  of  simple,  pressure-actuated  auxil¬ 
iary  door*.  These  doom  prevent  an  unstable  condition  from 
enduring  in  the  event  of  inlet  unstart. 

Teat  programs  show  that  it  is  definitely  possible  to 
build  an  operating  inlet  and  associated  control  system 
capable  of  adapting  itacll  to  its  airplane  environment 
Such  an  inlet  w  ill  provide  the  desired  performance  during 
takeoff,  climb,  acceleration,  and  subsonic  crui*e  regime*. 
The  inlet  will  also  adapt  itaelf  to  stall,  engine-oqt  inter¬ 
ference,  unstart,  and  gust  effects.  It  is  recognized  that  the 
inlet  stability  and  shock  system  characteristic*  are  such 
that  airplane  safety  canr.ot  be  soldy  dependent  on  the 
automatic  controls.  Automatic  controls  are  present  to 
maintain  the  trim  schedules  essential  to  efficient  and  eco¬ 
nomic  flight 

Should  the  automatic  control  system  fail  to  maintain 
stable  inlet  operation,  secondary  doom  will  be  opened  by 
the  air  pressure*  acting  directly  upon  them.  These  door* 
•re  redundant  in  quantity  to  ensure  adequate  air  flow 
capacity  and  reliability.  Although  efficiency  in  this  case 
is  reduced,  the  inlet  operate*  in  a  stable  region.  Airplaiie 
safety  lh  in  no  way  impaired. 

3.1.1  INLET  SELECTION 

The  supersonic  inlet  choeen  for  the  proposal  airplane  it 
an  axisymmetric  external -internal  compression  inlet. 


The  proposed  engine*  for  the  SST  have  high  tran¬ 
sonic  airflow  requirementa  relative  to  cruise  requirement* 
because  of  the  need  for  high  transonic  thrust  on  the  air¬ 
plane.  The  capture  area  requirements  at  supersonic  cniiat 
size  the  cowl  lip.  The  high  ratio  of  transonic  to  cruise  air¬ 
flow  require*  a  large  variation  in  inlet  throat  area  for 
efficient  operation.  Fig.  3-1  rh'Mvs  the  airflow  demand  of 
three  offered  engines  as  a  ratio  of  capture  area  required 
at  each  Mi*ch  number  to  the  capture  area  at  free  stream 
M  2.7  cruise.  The  corresponding  throat  areas  are  also 
shown.  The  required  area  ratios  are  rcaddy  obtainable 
with  the  chosen  inlet  which  has  a  variable  diameter  cm- 
terbody.  Fig.  3-2  shows  bow  the  airflow  demand  of  the 
three  engines,  shown  m  Fig.  31,  comjM.res  w  ith  the  capture 
area  (air  supply)  of  the  inlet.  A  variable  diameter  Center- 
body  design  was  chosen  as  the  configuration  beet  fitted 
to  the  airflow  schedules  of  the  proposed  engine*. 

The  choice  of  the  axisymmetnc  inlet  over  the  two 
dimensional  type  was  based  on  the  following  inherent  ad¬ 
vantages: 

•  Higher  pressure  recovery  with  lower  boundary 
layer  bleed 

•  Lighter  weight 

•  lymer  circumferential  distortion  it  engine  fact 

•  Combat  ihle  with  the  podded  engine  concept 

•  Separable  component,  more  easily  maintained  a* 
a  unit 

In  addition  to  the  ease  of  airflow  matching  to  any 
engine  airflow  demand,  other  advantage*  of  having  tha 
variable  diameter  centerbody  in  the  inlet  are: 

•  The  physical  location  of  the  throat  remains  in  a 
narrow  region  fore  and  aft.  This  greatly  simplifies 
throat  Mach  number  and  normal  shock  position 
sensing. 

•  The  fixed  fore  and  aft  position  of  the  centerbody 
permits  fixed  length*  of  inlet  Mach  arming  line* 
and  renicrbxly  bleed  ducting. 

•  The  sliding  leaf  feature  of  the  cmtrrliody  design 
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provide  an  automatic  reduction  in  bleed  at  lower 
Mach  number*  consistent  with  ti>e  demands  of 
the  inlet  for  optimum  recovery. 

3.2  System  Description 

The  inlet  incorporates  a  variable  diameter  centerbody  for 
controlling  the  throat  area  and  variable  bypass  doom  for 
matching  inlet  to  engine  airflow.  The  inlet  la  shown  in 
Figs.  3-3  and  3-4. 

3.2.1  INLET  COWt  ASSEMBLY 

The  inlet  cowl  assembly  in  supported  by  the  engine  for¬ 
ward  flange.  All  loads  pass  from  the  .lid  into  the  engine 
and  through  the  engine  mounting  system  to  the  strut 
and  wing.  The  aft  liny  of  the  inlrt  nimbly  contain*  the 
actuators  for  t!>e  controlled  bypasa  door*  and  other  ele¬ 


ments  of  the  inlet  control  system.  Loads  on  the  actuator* 
nrr  reduced  and  erpinlized  by  mechmical  interconnect* 
between  the  doors.  The  cnntrolh  i  bv-pas*  doors  are 
rated  immediately  forward  of  the  actuator  bay.  Also  in 
this  area  are  four  door*  located  00*  apart  which  provide 
overlwurd  passage*  for  the  rentrrbody  boundary  layer 
bleH.  These  doora  arc  mechanically  connected  to  the 
variable  centerbody  for  closure  in  relation  to  airplane 
speed. 

In  addition  to  the  controlled  bypass  doors  discussed 
ftbnc,  the  inlet  assembly  c<*n tains  a  mm  of  suck  in  Ukeoff 
door*  and  secondary  bypass  door*  (Fig.  3-4). 

Th<*so  doors  are  rlocd  in  normal  cruise  operation. 
The  leading  and  trailing  edge  a  of  the  rinsed  doors  form 
tailored  slota  to  pasa  the  cow)  inner  surface  Unmdary 
layer  bleed  efficiently  overlmanL 
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The  takeofl  doom  are  similar  to  those 
fnnictA.  They  Arc  spring  loaded  to  tE.f  closed  pwiUon 
and^n  inward  in  U««  to  low  pre-re  w.thm  the 
inlet  during  static  and  low  speed  operation. 

Tlie  sc-ondnry  hypecs  dia.rs  are 
closed  position  (or  all  nrrm.il  operation  o(  the  1  >  : 
doors  open  outward  to  relieve  the  pressure  n  «* 
port  of  live  inlet  caused  by  any  shirk  system  npulsK* 


^-UAOiRClDCE  \_ctNTERBODY 
■  CONTROLLED  COIL  PANELS  HI  I  ED  DOORS 

BYPASS  DOPRS 


at  Maeh  numbers  above  2.0. 

The  inlet  cowl  assembly  is  constructed  ol  titan i 
alloy  Ti-HAMMo-lV  duplex  annealed  nvtenal  The 
sernblv  ran  Is-  removed  as  a  unit  by  Hisomncctmg 
mounting  Is-lta  at  the  engine  [air  (lunge  the 
supply  line,  the  plumbing  to  the  pump  on  the  rnguie  gear 
box.  and  the  instrumentation  hnea.  .  _ 

Air  (or  the  cahin  supply  and  the  cabin  heat  exchanger 
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it  collected  in  a  abort  manifold  at  the  top  of  the  inlet  Juit 
forward  of  the  mount  flang*. 

3.2.1  CfNrfKBODY  ASSIMUY 

'Hie  centerhody  is  a  high  strength  steel  and  titanium  aa- 
arii.bi)  supported  from  four  streamlined  struts  that  coft- 
,ie»  l  to  'K  inner  surface  of  the  inlet  cowl  assembly.  T7>«* 
ctnii*  position  the  centerbody,  pass  iP  structural  loads  to 
the  renal,  provide  passage  for  inst  rumen  tat  ion  and  control 
line*,  and  r.lw  passage  for  the  centerhody  boundary  layer 
bleed  air  to  the  four  exit  doom  referred  to  previously. 

The  center  body  assembly  consists  of: 

•  A  nose  cone,  in  which  U  ho*ised  the  variable  di¬ 
ameter  control  unit  and  the  Mach  sensor  probe*. 
(The  cover  for  thia  area  ia  easily  removable  for 
■ervicir.g.) 

•  Fourteen  variable  diameter  segment a  with  14  radi¬ 
ally  spaced  leave*. 

•  Two  seta  of  links  and  collars  which  connect  the 
actuator  and  the  variable  diameter  segments. 

•  The  main  support  tube  and  the  nreexury  frames 
2nd  stiffener*. 

The  actuator  a  powered  by  engine  fuel  at  1MX)  psi 
through  a  separate  pump  located  on  the  engine.  This 
pump  alro  powers  the  controlled  bypass  doors.  The  vari¬ 
able  area  centerbo»Iy  has  the  cajmbdity  of  increasing  the 
inlet  throat  area  91  percent  from  the  cruise  position. 

2.2  Operotl#* 

The  opemtion  o.'  the  supersonic  inlet  is  independent  of 
the  rng:~e  controls.  No  controls  arc  required  on  the  flipht 
deck  to  go.em  the  inlet’s  variable  nrva  functions.  The 
automatic  power  control  for  the  variable  diameter  cen- 
(crhndy  nnd  the  controlled  b\ pass  air  doors  Is  governed 
by  self  con  la  ini -d  prev-ure  sending  units.  A  complete  snd 
detailed  description  of  the  inlet  operation  w  given  in 
Section  &. 
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2.4  Performance  (RFP  2.23.M;  2.29.21 

Fig.  3*5  shows  the  installed  total  pressure  recovery  of  th* 
full-scale  inlet  as  a  function  of  flight  Mach  number.  This 
pressure  recovery  includes  tlie  effects  of  the  local  flow 
fields.  The  total  pleasure  distortion  at  the  engine  face 
during  all  normal  flight  conditions  will  be  within  the  en¬ 
gine  manufacturer’s  requirements  for  continuous  opera¬ 
tion  as  defined  in  the  engine  specification  Tire  change  in 
flow  incidence  angles  Is  Knr-alJ  because  of  the  sheltering 
effect  of  the  wing  at  the  underwing  inlet  locations.  (See 
Figure  11,  Par.  3  4.1.1,  How  Field  Determination.)  Over 
the  Mach  number  range  where  the  inlet  is  operating  with 
partial  internal  comprew:-  f M  r.  1.8  to  2.7)  the 
change  in  the  locnl  flow  angV  of  incidence  at  the  inlet  lip 
will  he  about  one- half  degree  for  the  inlwwird  inlet  and  one 
and  one  half  degree-  for  the  out  Kurd  inlet.  Even  during 
enpin^-out  conditions,  for  example,  the  airplane  yaw  angles 
will  momentarily  be  lees  than  2  degnva  which  produce* 
total  pressure  distortions  of  less  thin  14  percent.  RfvXiuae 
the  distortion  is  predominantly  radial,  rather  than  cir¬ 
cumferential,  and  Uvau-e  it  is  takrn  from  small  scale 
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mode)  data,  it  i*  expected  that  the  actual  full-scale  dis¬ 
tortion  levels  will  br  even  lower.  During  a  sudden  2-5 
pullup  maneuver  (winch  will  occur  very  rarely),  the 
change  in  the  outboard  inlet  angle  of  incidence  to  the 
local  flow  will  lie  about  four  degrees.  The  inboard  inlet 
angle  of  incidence  change  will  be  less  thin  two  degree*. 
Thus  is  considered  to  be  the  most  critical  Inlet  distortion 
condition.  At  this  condition  the  outboard  inlet  pressure 
recovery  will  drop  off  alaait  ten  percent,  and  the  distor¬ 
tion  level  will  be  about  20  percent.  This  is  tolerable  for 
the  short  time  such  a  maneuver  will  last 

The  relative  locations  of  the  inlets  are  such  that  the 
flow  field  of  one  inlet  does  not  affect  the  operation  of  the 
other.  Even  in  the  event  of  an  inlet  unstart  the  expelled 
shock  will  not  disturb  the  adjacent  inlet  This  has  been 
verified  by  wind  tunnel  testa  with  two  operating  inlet*. 
(See  Par.  3.4. 1.2.) 

In  the  case  of  an  inlet  unstart  the  pressure  actuated 
secondary  bypass  door*  will  open  and  the  automatic  con¬ 
trol  will  ojwn  the  controlled  bypass  doors  (see  Section 
5.0),  to  stabilize  the  expelled  shock  system  and  present 
inlet  buzz.  The  automatic  control  system  will  immediately 
restart  the  inlet  The  effect  on  the  airplane  of  the  pressure 
fields  created  by  an  expelled  shock  have  been  studied  in 
w  ind  tunnel  test*.  A  discussion  of  these  effects  on  airplane 
stability  is  contained  in  Volume  A-V,  Aerodynamic*. 

3.4  1  ENVIRONMENT 

Supersonic  inlets  are  sensitive  to  Mach  number  and  flow 
direction  (incidence)  condition*  at  the  inlet  face  and  to 
transient  changes  in  these  conditions.  Since  the  engine 
performance  is  dependent  upon  inlet  total  pressure  re- 
cos  cry,  it  is  nix'evsary  to  evaluate  the  installed  inlet  recov¬ 
ery'.  in  order  to  determine  airplane  performance.  A  major 
part  of  this  evaluation  is  the  determination  of  the  flow 
field  under  the  wing  at  the  inlet  lip  and  the  inlet  per¬ 
formance  in  this  flow  field.  A  further  requirement  is  that 
the  inlets  he  completely  independent  of  one  another  so 
that  flow  conditions  rrratid  by  one  inlet  cannot  disturb 
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the  neighboring  inlet*. 

3  4.1.1  Flow  Bold  Potorminotln 

In  normal  flight  the  outboard  inlet  will  see  no  more  than 
1.5  depn-es  angle  of  incidence,  based  on  experiment*!  and 
analytical  flow  field  data,  while  the  inboard  inlet  wiD 
alnuM  no  angle  of  incidence. 

Flow  field  purveys  in  the  vicinity  of  the  inlets  under 
the  wing  were  made  in  the  wind  tunnels  using  *  complete 
nvxld  of  the  airplane.  A  pressure  rake  was  used  to  men*- 
ure  Mach  numUr  and  flow  direction  bet.cath  the  wing. 
Figs. 3  0  and  3  7  show  the  rake  and  the  rake  mounUd  on 
the  model.  Ihe  flow  direction  relative  to  the  airplane  body 
rentcrlmr  is  measured  in  the  torm  of  dowT.wash  and  aide- 
wash  components.  Figs.  3-8  and  3  9  show  hn<*s  of  constant 
sidewash  for  the  inlxvird  and  outhinrd  inlet  location*. 
Outward  flow  is  indicated  as  mgauve  sidewash  on  the 
curves,  fig.  3  9  hUo  shows  the  pressure  coefficient  (Cr) 
measured  on  the  wing  and  tin*  IotaI  Mach  number  which 
corresfxmds  to  this  C*. 

The  flow  field  under  the  w  ing  ha*  been  calculated 
using  theory  for  a  swept  flat  plate  at  the  same  sweep 
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Fig.  3*7  Airplane  Flow  Fuld  Surv*r  lAedel 
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angle  as  the  wing  Fig.  3-10  shows  the  theoretical  Mach 
number  and  reduction  in  stream  tube  area  fur  the  two 
inlet  locations  (outboard  and  inbourd),  as  a  function  a# 
airplane  Mach  number  for  the  airplane  angle  of  attach 
curve  ►hown.  Data  from  the  Cow  field  test  are  alao  shown 
in  Figs.  3  10  and  3-11. 

Fig  3-11  shows  the  calculated  and  measured  inlet 
angle  of  incidence  versus  airplane  angle  of  attack  for  • 
Mach  nutnlxr  of  2  0  to  2.7.  From  the  airplane  angle  o I 
a  Pm  k  j-urve  in  Fig.  3- 10,  together  with  Fig.  3-11,  it  is  seen 
that  for  Mach  numbers  olxivc  1A  (inlet  operating  with 
partial  internal  compression)  the  inlets  will  ace  less  than 
four  degrees  incidence  for  airplane  angles  of  attack  of  leaa 
than  eight  degrees  alxive  the  cruise  angle.  As  n plained  m 
Par  14.  this  co  ire'- ponds  to  a  2.5>  Mg"  pull  up  maneuv*-, 
which  is  the  nv^t  critical  condition  imped’d  on  the  inltC 
Tins  maneuver  rhould  never  occur  in  commercial  opera¬ 
tions.  It  is  shown  that  the  inlet  can  wifely  be  operated 
under  this  condition. 

3.4  12  i  ocing  of  Adjorcmt  Inlets 

The  relative  spic  ing  Ivtween  adjacent  ml*  L*  must  hr  such 
that  the  inlets  are  completely  indi  pendent  of  one  another. 
In  the  caw*  of  ar  airplane  with  w  pirate  p*ds.  the  spacing 
is  N*t  h>  the  rrs^uirenh-nl  that  nn  mid  un-tart  on  cme  pod 


06-240012 


1.00*  — 7 - i - 1 - — - 

L*®  A  lip  "“  k" 

-l'  i  i  vj:  J 

JO*  21  -l — l  ---> — 2t—  — 


«  5*  U  I 


\J0  7.0  J.O 

FREEST  RE  AH  MACH  NO. 


Flow  Urxif  Wing  -  Flot  Plwto  Thoory 


«*  ••  17- 

AIRPLANE  ANCLE  OF  ATTACK 


Inlot  Anglo  ot  lncidon<o 


not  affect  the  inlet  on  the  neighboring  pod. 

Boeing  testa  have  been  run  with  two  operating,  «xi- 
ivmmetnc  inlet  models  to  establish  t>»e  relative  locations 
of  adjacent  inlpl#  required  to  prevent  tl*  expelled  shock 
of  one  inlet  from  affecting  the  otlier.  TT>e  test  mode)  is 
shown  in  Fig.  3-12  aj  j. stalled  in  tlie  supc  Tsonic  wind 
tunnel.  Fig.  3-13  shows  an  experimentally  derived  ion# 
reprinting  a  boundary’  of  unsatisfactory  locations  for 
an  adjacent  inlet.  An  inlet  will  be  undisturbed  if  located 
•head  of  this  rone.  An  inlet  can  lie  operated  behind  this 
rone  and  tolerate  t)w  unslarting  of  the  adjacent  front  inlet 
only  if  it  has  a  higher  throat  Mach  number,  correspond¬ 
ing  to  a  recovery  ndu<  tion  of  8  to  10  |>errenl.  On  the  pro¬ 
posal  airplane  the  inlets  are  positioned  forward  of  ths 
zone  so  that  there  will  be  no  mutual  interference  or  re¬ 
covery  reduction. 

Fig  3  H  shows  a  M-cjumce  from  a  high-speed  movi# 
of  the  sli  nk  systems  <f  two  inlets  in  a  coplanar  position. 
Tlie  cij*  lied  shock  is  clearly  shown  for  one  irh*t,  but  th# 
adjacent  inlet  is  unaffected  liecsiuse  it  is  located  in  th# 
Rati*- factory  zone.  In  this  t<**t  (lie  bypass  dour  system  of 
the  un-tarled  top  inlet  was  simulated  in  closed  position. 
In  F  p  3  lf>  flic  top  inlet  was  unstarted,  but  with  th# 
by|wwN  doors  simulated  open.  In  both  case*  there  was  no 
interference  between  inlets,  and  in  the  second  esse  th# 
strength  of  the  expelled  shock  was  much  reduced. 


34.2  RECOVERY 

For  over  five  yean*  The  Boring  Company  ha*  carried  out 
theon  tic'al  analyse*  and  experimental  testing  of  various 
inlet  concepts  for  the  SST. 

Some  of  the  models  used  in  these  teM  pnvgram*  #r# 
shown  in  Fig  3-lfi  Sires  range  from  0.8  inch  diameter 
mu  I  lip  rrvideU  f<»r  inlet  aircraft  stability,  control,  drag, 
and  interference  studies  to  10  inch  diameter  cowl  lip 
si/r  m«*«leh  for  boundary  liver  Me*d,  stability,  and  per¬ 
formance  testa.  Asis\mmetnr  models,  half  axis vmme trie 
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models.  ard  two  dimensional  model*  of  different  sizes  have 
been  used. 

A  Mjmmnrv’  of  recovery  levels  attained  with  the  axi- 
>  vmrr.<  trie,  external-internal  n >m p r «**»*•  »nn  inlet  models  aim- 
ilo r  to  Ki g  3-3  is  shown  in  Fig.  3-17.  Remit  NASA  data 
aFe  shown  for  information.  AUi  shown  are  initial  test  da  la 


for  fixed  version*  of  the  propowd  variable  diameter  oaitv- 
body  inlet  The  free  stream  (uniform  flow  without  airplane 
effects)  recovery  curve  u*d  a>  U»e  bmua  for  installed  inlet 
performance  calculations  for  the  proposal  airplane  ia  aleo 
presented.  The  airplane  installed  inlet  performance  effects 
are  considered  later,  but  Fig.  3-17  ahowa  the  baaic  per¬ 
formance  level  assumed  for  the  inlet. 

F  ig.  3-18  shows  the  pndicted  full-wale  installed  dwifll 
inlet  recovery  as  a  function  of  airplane  flight  Mach  num¬ 
ber.  This  recovery  includes  the  eflecta  o#  the  airplane  flow 
fields  and  the  flight  attitudes  at  varioua  Mach  number*. 
'13ns  recovery  was  determined  as  follows:  Initially  the  inlet 
was  designed  and  developed  by  testing  proper  sired  models 
in  a  uniform  ftnv,  field.  Me/-'urrmcnU  of  the  local  flow 
conditions  in  tlie  potential  inlet  locations  on  aerodynamic 
wind  tunnel  models  providid  angle  of  incidence  and  Mach 
niunlxT  variations  to  be  ci  peeled.  The-**  incidence  end 
Mm h  Hum!**  additions  were  simulated  in  the  wind 
tunnel  by  placing  curved  plates  in  front  of  tha  model 
The  resulting  inlet  performance  effect".  ver*  suidicd.  For 
sp«i  ific  inlet*  ihe-se  tots  were  Mlc..«*d  by  te*ta  o<  inlet 
model*  in  a  uniform  field  and  then  in  the  pressure  field  of 
a  model  wing.  Such  U*t*  have  shown  good  correlation 
between  predicted  installed  performance  and  performance 
in  the  wing  flow  field. 

3.4.2. 1  Inlat  Design  (*FF  2.2S.14I 

The  specific  inlet  internal  aerodynamic  design  for  the 
GK4  J4C  engine  is  descnlied  as  follows.  TTie  "-'ale  model 
testa  of  this  inlet  nrr  still  in  progress,  but  the  atiayro- 
rnetnc  inlet  model*  which  have  been  tested  are  very  aim- 
ilar  to  the  proposed  inlet 

13>e  inlet  capture  area  ratio  curve  is  shown  in  Fig. 
3-19  together  with  the  <»K4  J4C  engine  capture  ralio 
schedule  for  standard  and  non  ..Undurd  days  at  maxi¬ 
mum  drv  power  and  abocr.  The  inlet  internal  contours 
are  allow;  m  Fig.  3-?J  for  Math  2  7,  2.4.  22.  and  at  tub- 
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lie  and  transonic  ■peed*.  TT>e  corresponding  internal 
w  area*  are  ahown  in  Kajr.  3**1,  »ith  the  equivalent 
iical  included  subacmic  diffusion  angle  and  Mach  num* 
ra  at  the  engine  lace.  The  diffusion  angle*  are  within 
!uea  considered  acceptable  for  inlet  design-  The  internal 
itoura  were  designed  by  computing  the  flow  rharac* 
iktics  inside  the  inlet  to  obtain  acceptable  shock  pa* 
tm,  wall  static  pressure  gradient*,  and  throat  velocity 
ofilea  throughout  the  Mach  number  range  Lxampl**s  of 
i§  numerical  flow  f.dd  work  are  included  in  Fig.  3  22, 
owing  the  projjosed  inlet  internal  flow  at  the  design  air* 
ane  Mach  number  of  2.7  and  at  one  off -design  condition, 
he  average  throat  Mach  numU-r  is  1.3  when  the  inlet  ia 
lerated  in  the  mixed  com prt-v ion  mode  (n  irmaJ  shock 
✓allowed)  alxive  airplane  Mach  1.8.  This  throat  Mach 
imber  provide*  high  pressure  n*covery  with  adequate  ita* 
lily  margin  t )  handle  upstream  airflow  disturbances  such 
i  gusts  or  airplane  maneuvers  which  cau*;  inlet  Mach 
jml«T  or  flow  direction  cliange*.  These  numerical  bo!  ir¬ 
ons  of  the  flow  equation*,  using  the  method  of  character- 
tics  and  shock  wave  theory,  have  been  confirmed  by  wind 
innel  test 

At  the  proposal  airplane  design  Mach  number  of  2.7, 
ixtall'd  inlet*  will  operate  on  the  airplane  in  an  average 
rnl  Mach  number  field  of  2.5.  The  Boeing  Mach  2.5 
llet  model  has  contours  similar  to  the  inlet  chosen  for 
tie  proposal  airplane.  This  model  has  Ixvn  tested  exten- 
ivcly  and  will  he  referred  to  n*  the  basic  inle  t  moJel. 
Tie  model  has  the  same  ccntcrliody  angle,  same  length 
two  cowl  lip  diameters),  generally  the  same  internal  ron- 
ours,  and  the  same  design  Mac  h  number  as  the  proposed 
nlet 

TTie  vuriable  diameter  eenterbody  inlet  haa  good 
ontours  for  the  Mach  2  5  design  condition  and  for  the 
•ff-design  supersonic  cruise  and  a  civic  ration  range.  In  the 
nnsonic  and  aulwonic  range  the  variable  diameter  cvn- 
.erUxly  inlet  nlwayn  has  adequate  nreu  at  the  lip  station 
o  provide  the  prn[>cr  lip  velocity  ratio.  Kxccvs  mr  if  taken 
>n  Ixxird  at  these  spcc<l.s  and  bypassed  ovcrlxmd  at  low 


till  Inltt  Intfnol  Ar+m 

angle**  t°  the  c*t<  mid  stream.  Tlie  variable  diameter  cm* 
terlwxlv  inlet  is  matched  to  give  the  optimum  trade  ba- 
twivn  pres’-uie  recovery  and  bypass  drag. 

Hie  •■if untmn  of  engine  abut  d  >wn  with  windmillinf 
brake  applied  i*  the  design  condition  for  sizing  total  by 
pas*  door  area  (secondary  and  controlled  bypaaa;.  For 
this  case  essentially  f*0  percent  of  inlet  air  must  pass 
through  the  b>pnsa  doors. 

3.4.2  2  Mtxh  2.5  Free  Strtom  lacovary 
Doto 

Tlu1  free  stream  performance  of  the  basic  inlet  test  model 
i*  vhown  m  Fig.  3-21  a*  a  function  of  Mach  numlwr  and 
angle  of  in»  nl<  n«v  Fig  3-24  diow*  procure  recovery  v^mia 
Much  n  irnU  r.  Hiv  i\ery  ’*  1*1.2  |«ercvnt  at  Mach  2.5.  To 
increase  the  stability  margin  against  upstream  flow  dia- 
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the  win*  i*  compared  with  the  free  stream  pr»-urf  re* 
o.’very  curve  in  Fig  31ft  A*  shown  by  these  curve*  fhe 
hwa  due  to  non  uniform  flow  in  Approximately  equal  to 
the  gain  due  to  the  lower  Mach  number  in  the  wing  pres¬ 
sure  field. 

3  4.7.4  Inlet  Und*r  tha  Wir>f 

A*  further  support  of  the  predicted  \* -rfoimnnn?  of  the 
pmpoftnl  inlet,  tent*  wi  re  rondin  ted  in  (he  flying  super¬ 
sonic  wind  tunmh.  The  tost  rnnfioi ration  the  lw»*»c 
axi«ymmetrir  12  f>  degree  rentrrUidv  inlet  with  •  wing 
closely  simulating  the  put  of  the  74  degrte  swept  wing 
forward  of  the  inlet.  The  inlet  and  wine  are  shown  installed 
in  the  wmd  tunnel-*  in  Figs.  3-2*1  through  3-32. 

The  tot  was  condin  hd  at  7  and  ft  dr;*r»e  angle*  of 
attai  k  at  tunnel  Ma<  h  numU  rs  from  0  f-0  to  2...  'Hy  inlet 
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we^  first  I* Mated  o,:  tl*  wing  crntrrlme  and  then  near 
the  nbltmnrd  edge  of  ti  -  wir.g.  emulating  t)»e  two  inlrt 
i«*ati-ns  The  ar.is  of  the  inlet  vj«  also  turned  inward 
rrlntiw  to  the  wing  arts  <>»’  symmetry  to  establish  the 
optimum  inlet  angle  for  the  out* ash  of  tlie  local  air  a* 
cruise  Fig  3  33  »hov  *  inlet  pr* -v  ure  recmer\  vmux  inlet 
angle.  The  optimum  angle  of  tlx*  inlet  is  4  degrow  in 
ward  to  the  Ixidy  centerline. 

A  tmnsrjnic  test  u*mg  a  l  .  de  m  ► 

variable  diameter  spde  r  <f  ir 

photograph  of  the  nv-!<  ’  14 

Preliminary  data  from  the*  i.  *  r  ,  I  ig  3-35. 

Tlx  results  of  l*»th  the  trun^.mi  mid  mjjm  rvmic  U**ta 
of  the  »nh  t  in- tailed  undi .  tlx  w  mg  are  plotted  in  Fig. 
3* .Vi  along  with  the  design  inlet  pren-ure  recovery.  Par* 
test  flata  ha\r  ahown  that  testing  with  larger  scale  inleta 
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* i.l  give  inlet  performance  i/Rmnn  of  1  to  2  percent. 
V  ih  this  increment  applied  to  the  te*t  data  shown,  the 
design  performance  should  be  exceeded  by  a  sufficient 
margin  to  permit  operating  with  the  2  percent  stability 
margin  required  for  control  dynamics. 

3.4.3  DISTORTION 

The  total  pressure  distortion  at  the  compressor  face  it 
a  function  of  the  angle  of  incidence  of  the  inlet  to  the 
local  flow,  the  amount  of  flow  di-tort  ion  in  the  air  the 
inlet  lip.  and  the  internal  geometry  of  the  inlet  flow  pas¬ 
sage.  The  inlets  are  installed  under  the  wing.  reducing 
locul  angle  of  incidence  changes  with  airplane  angle  of 
attack  and  are  oriented  with  re-qwet  to  the  local  flow  to 
be  essentially  at  irro  angle  of  incidence.  The  flow  direc¬ 
tion  change  acn*M  the  outboard  inlet  fuce  is  very  small, 
■bout  1.5  degrees,  and  across  the  inboard  inlet  about  0.5 
degree. 

Fig  3-T7  show*  typical  compressor  face  total  pres¬ 
sure  distortion  test  results  for  the  Humc  inlet  model  op¬ 
erating  at  various  Mach  numbers  and  angles  of  incidence 
(  »  ).  Rmivrry  and  capture  area  ratio  are  noted,  to¬ 
gether  with  Much  numlrr  and  angle  of  incidence  for  each 
dugrnm  shown.  For  each  situation  the  General  Electric 
distortion  index  (N„)  is  shown  a*  computed  per  direc¬ 
tions  in  the  GE4  J4C  inatalUtion  manual  (Kef-3).  At 


the  supersonic  Mach  numbers  luted  for  wro  angle  of  inci¬ 
dence,  tfie  distortion  indea  u  below  0.10  as  required  for 
continuous  engine  oja*r«lion  st  no  j«erformanc*  penalty. 
The  distortion  is  predominantly  r«dud  which  it  charac^ 
teriMic  of  a  apike-type  ax/*yinmetric  inlet.  Axial  flow 
compressor*  are  usually  leu*  a  flee  ted  by  radial  than  cir- 
rumferentia)  diMortior*. 

Airplane  maneuver*  or  attitude  changes  during  auper- 
sonic  truise  will  In*  on  tl>e  order  of  *  2  degree*  to  cover 
all  normal  ojarationv  Tics  wuJ  result  in  inlet  distortion* 
well  within  the  0.16  value  flowed  i*  continuous  cruia* 
with  smuli  performance  rvduc’.iona.  Tlie  engine-out  yaw 
conditions  will  lie  less  tna.’i  '  dr*gn**s.  With  full-acak 
inlets  it  is  expected  tluil  distortion  levels  will  be  cv« 
lower,  die  to  reduction  in  wale  effects  and  because  at 
the  large  scale  more  mr.  be  done  to  control  tiie  boundary 
layer.  'Hie  <-idewush  angle*  (M-en  hb  inlet  flow  angularity) 
ini  n*ase  at  transjmc  end  ruhsonic  Mach  n  rnlirra  bit 
the  distortion  li  »e)s  at  transonic  nnd  Mjliwmir  speeds  have 
U*en  found  to  be  relatively  urufTectid  by  inlet  flow  angle*. 
The  inU  t  distortion  will  Ir  acceptable. 

3  4  4  EXCESS  AIR  DRAG 

Th»*  inlet  drag*  nv*xint«i  with  boundary  layer  bleed, 
rites*  a  if  spillage  and  bypass  sir  ire  discussed  in  Sec¬ 
tion  12. 
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4.0  IXHAUST  SYSTEM  (RfP3.2.t.SI 


4.1  0«A«r«l  D^mriptlN 

TW  eahauat  »>kU-m  a  a  m -pur  ale  u^nbJy  lint  cmn  be 
both  inutaUed  or  removed  with  ihe  engine  in  place  un  tfie 
lirplint. 

The  eahauat  •yatem  Fig  4-1)  cumut*  o ( 

the  aft  Mvtion  of  Ine  engine  augmcnter  case,  ihe  variable 
•  re*  convergent-divergent  ejector  n  u/\e;  the  integrated 
thrunt  revrnwr;  the  variable  area  atvondary  inlet*  for 
noille  ventilation  ami  cuohng  air,  the  mtu-itom,  cur  L-ula, 
and  avwjciateii  plumbing,  and  the  rt  tenor  cowling  rv~ 
quirtd  to  continue  the  aenxlynamic  contour  of  the  pod 
from  the  aft  end  of  the  engine  cim I  punel*  to  the  no /lie 
exit 

The  design  of  .he  e&hauvt  nyd  *m  inarm  hi  y  require* 
a  carefully  coordinated  program  cn  the  part  of  both  The 


Boring  Company  and  the  engine  manufacturer.  The  Boe¬ 
ing  Com  jinny  will  establish  requirement*  to  make  toe 
design  compatible  with  (ite  airframe  configuration.  Midi 
aa  eitemal  cowling  profile  for  miiinuini  arnjd>7iamic  per¬ 
formance,  die  operation  and  eiliauat  flow  pattern#  a 4  the 
thru't  revrna *r,  and  the  e&hau*t  ryatem  control*. 

To  provide  maiimum  propulsive  prrfo.  nance  through 
the  broad  *j>r<d  range  of  the  auperxrmc  transport,  the 
•elected  engine,  the  General  KlwUif  C»E4  J4C,  require# 
a  variable  area  con verpent -divergent  ejector  nozzle.  Be¬ 
rn  u.se  the  proper  operation  of  t)ie  variable  area  feature 
of  the  nor/le  11  vital  to  engine  performance  guarantee*, 
the  complete  exhaust  »>>tem  axHcmbly  wiU  be  designed 
and  produad  aa  an  engine  component  by  the  engine 
manufacturer 

Some  of  (lie  mechanism*  that  operate  the  variable 
area  component*  of  t)*e  GE4  J4C  turbojet  engine  nozzle 


m  t  (  Diagram  f  *h«vll  -  f  OfwflrV  TNrvCf 


•  re  under  patent  divl»urv  restrict ion*  A»  a  result,  de¬ 
tails  of  cnmpjncnt*  are  not  included  in  thia  dwcuMion. 
Ref.  2  may  he  consulted  for  detailed  information. 

4.2  Ixhouftt  Noidt 
42.1  DESCRIPTION 

T^xe  primary.  convergent  wvtion  of  the  nozzl*  consivt*  of 
variable  position  flap  and  heal  segments,  a  mounting  ring, 
and  actuating  linkage.  This  acction  forma  the  jet  nouie 
throat  The  secondary,  divergent  wclion  consist*  of  vari¬ 
able  polite  n,  flip  and  aenl  Ngment*  aupjorting  struc¬ 
ture,  and  a.-tnating  linkage.  Thu  wvtion  forms  the  ejector 
walla  and  the  eitemal  Uiatud  surface  Tlie  ejector 
throat  and  exit  arena  are  vannhle  in  order  to  guide  and 
provide  ranmium  control  of  the  ex  haunt  gas  ex  pan*  ion. 
Aspiration  and  cooling  air  flow*  over  the  aft  ride  of  the 
primary  nozzle  segment*  and  is  takirn  into  the  ejector 
through  an  annular  gap  provided  at  the  nozzle  throat 

422  OPERATION 

The  exhaust  noz/le  and  rcvrrv  control  M  shown  in  Fir 
4-2.  A  .T/K)  p^i  hydraulic  system  using  the  time  type  of 
flmd  the  engine  lubricating  oil  power*  the  control 
system.  The  system  is  M-lf  contained  on  each  engine  and 
has  itn  own  fluid  reservoir,  engine  driven  pumps,  and 
manifold  system. 

The  primary  nozzle  area  i*  govrrmd  by  a  cloved  loop 
positioning  control  The  control  consist*  of  a  hydro-me- 
chanic.il  computer  and  servo  valve,  synchroni zed  hy¬ 
draulic  actuators,  and  a  mechanical  porition  feedhack 
system.  The  nozz!e  is  jxr.it mned  a*  a  function  of  thrust 
lever  setting  and  turbine  temperature  as  shown  in  F«. 
<•1  At  low  thru'l  settings  the  ana  is  established  in 
acrordame  with  the  "floor"  schedule  At  hirh  thru.-t  aet- 
tirgr  the  nn.i  varies  Iwtween  the  mivh.inir.illy  established 
limita  of  the  "floor"  and  "rwif  schedules  as  a  function  of 
turbine  *rmpr  aturr  In  this  region  a  turbine  U  njvrature- 


•  ignal  amplifier  introduies  a  bias  to  t)*e  control  which 
varx*«  the  esit  area  to  hold  a  constant  turbine  tempera 
ture.  The  *‘fl<xjr"  and  "roof"  */lxdul<«  maintain  manual 
control  of  exit  area  in  tlie  event  of  a  turbine- trmprratuf*- 
•ignal  malfunction. 

The  ejector  throat  area,  which  it  a  function  o 4  tha 
primary  noz/le  peition,  eslabli-h«w  tl*e  annular  gap  pro* 
vidid  at  the  noz/le  throat  for  efficient  pumping  of  th* 
aspiration  and  cooling  air. 

The  ejector  exit  area  and  boattafl  angle  are  govemad 
to  provide  the  pro[M*r  expansion  ratio  for  nouie  efficiency. 
Studies  are  currently  underway  to  position  the  aegmffita 
by  pressure  balancing. 

Noz-zlr  pr-ilion  indication  i*  provided  on  the  flight 
engineer'*  panel. 

4  23  PERFORMANCI 

The  function  of  the  nozzle  ia  to  achieve  maximum  throat 
minus  nozzle  drag  from  the  engine  exhaust  gnae*.  The 
performance  ls  defined  by  a  gross  coefficient  Crm  wherr 

Gross  ThruM  Nozzle  Drag  (Including  Ran 
Dmg  of  Secondary  Air) 

Ideal  Gross  Thrust  of  Primary  Pina 
Secondary  Air 

The  iii •.  /!♦*  gi-orn<  try  if  scheduled  to  a  position  which 
give*  ti.e  niiiimum  gro-a  th.~u.st  coefficient  at  any  flight 
condition. 

Tlie  no/zle  on  the  GF.4  J4C  engine  bar  divergent 
walls,  whuh  establish  the  nozzle  expansion  ratio,  A»  A», 
and  the  rxtim.il  bxitt.nl  angle  Those  walla  can  lie  placed 
in  one  of  four  pw  it  inns  nppmirhing  the  ideal  ripanrinn 
ratio  for  a  given  M.irh  nurnlvr  Fig  4-4  shows  the  expan¬ 
sion  ratio-M/oh  numl«  r  relationship  provided  b>  the  no*- 
zle.  SIhiw n  in  dotted  form  i-s  the  *<  hidulr  indicated  by 
theory 

F.x periment.il  evaluation  and  analysis  of  this  nozzJ# 
have  hrvn  conduced  by  General  First  nc  The  internal 
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prrform.n.r  of  the  nonlr  M  <orh  mwh»mc«1  pwi**®" 
‘,m»n  in  FiC  <  '■  Fi*  <*  -bow,  Ihc  dr.f  rfirrt 

p«|Kfl«i  nt  r.irh  nowlr  pr»ilion.  . 

Tlip  cnmpmtc  pcrfjmvMKT  r.tim*tr,  Cr.  u  »ho«ii 

^An.ityi*  of  I  hr  inftucnrr  of  thr  r»t»m»l  flow  Md  *"• 
virnnmrnt  crow,)  by  «hr  rl.«< pni.m.ity  oftf^wm|« 
no-.-lr  cm-  Ihruvl  nxfh-  »»l  b»»  •«'*n  V* 

,J„nnwr  in  nonlr  |mvwr  rM.o  rnvm-d  by  thr  ‘"cm.-H 
l>m-M,ri'  fi.M  iin.br  Ibr  wine  «fl  -xlion  i«  »pproiim»t«Hy 
Itiuntrr  UUned  by  Ibr  norr  f.oomblr  prrs-uir.  .rl.nf 
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on  the  nor/le  Irattnil  Hrntf  in  nil  aircraft  performance 
evaluation*  the  nor  is  assumed  to  be  operating  in  free 
at/rara 


4  2.4  EXHAUST  ROW  REU) 

4  2.4.1  Sorfoce  Heoting  Influence  of  tha 
fahawif  Stnom  (RfP  3  2  9  5) 

The  tooilmn  of  the  propuhion  [»id*  under  the  wing  and 
forward  of  the  Lnl  m'juirT'd  an  investigation  of  the  heating 
effect  of  the  jet  dream  on  adjacent  aurface*. 

These  condition*  mere  annlyred' 

•  Ground  checkout  of  the  augrncnter  on  a  hot  day 
at  a  total  j«  t  temperature  of  apprmimntelv  3000  F. 

•  Mfliiinum  dry  njarntion  during  a  hot  day  on  the 


ground  at  a  jrt  temperature  of  approiimaLdy 
lOX)  F. 

•  Miumum  augmentation  at  Mach  09,  25,000  feet, 
on  a  )>ot  day  at  a  jet  temperature  of  3000  F. 

To  mw-'tig.ile  the  ground  condition*.  a  model  teet 
waa  wl  up  with  i  wt  nhauMing  alongside  of  a  ftimulated 
l*>d>  ()-if  t  M  Tlie  jet  wa*>  run  at  vanou*  lemperaturaa 
up  to  the  JViO  limit  of  tlie  humer  Surface  temprraturca 
were  ntejMired  at  M-verid  d,*urr«n  «)<jng  the  aimulated 
hudy  The  laaiv  w»*  pl.i.ed  at  \»nou»  dikUnm  from  the 
jet  centerline  and  nt  never  a]  angle*  referenced  to  the  jet 
centerline  Ted  data  fur  jt  t  t/ mj*  raturr*  of  1000'  F, 
1500  V and  2.V/J  K  were  taken  at  a  function  of  jrt 
diameter*  Hnwnstuum  and  radial  dhtanm  from  the  jet 
centerline  The  data  were  then  plotted  to  arrive  at 

the  f.r*t  two  co.wjjiiuru  above,  a»  shown  in  Fig*.  4  9  and 

i-ia 
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floOMO.I  0'OJ  [  f*t€  *1  O  r  No  I  »  /» 


T K«v»«  CoaN.c '•"* 


i*- .-ado-i  2  4/5 
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T  hr  uti  M./twl  D'ag 


Ji  t  wV  e  tcmpcrntiircs.  rather  than  surface  temper 
Mur«-».  arr  pn^ntiij  for  the  (hint  condition  (Fig.  411). 
The  al«»ve  rlr. fa  werenw-d  to  determine  that  surface  tem¬ 
peratures  of  ndjoi cnl  airplane  stru«  ture  do  not  eiceed 
200  F  <Th.«  determination  is  de-w  rilied  in  Section  ft  of 
Volume  A  IV,  "Structure*.**) 

4.3  Thruit  Rtventr  (HFP  3.3.9) 

43  1  Of  5CHPTI0N 

The  thrust  rni  N  r  i«  an  mtecr.il  pirt  of  the  nozzle  struc¬ 
ture.  vi  \  inf  weight  and  r»sloi  ing  i  •  rnfdrtit  v  The  reverser 
rtit  port*  are  locwti-d  in  the  mode  MJpjmrt  Mmiturr.  Tl>e 


vanaUe  pa.it ion  flap  and  sea!  Mfnrnti  fomunf  the 
primary  r.or/le  aiea  control  are  also  used  for  thmat  r*- 
verva)  b'takage  A  wlu.rvilK  of  tlie  thrust  rveraer  in  tha 
reverse  thrust  peilion  i*  shown  in  Fig  4*12. 

Thrust  reversal  is  a< romphslx-d  by  moving  a  aertkn 
of  e*  tenor  cowling  to  uncover  uwade  assemldie*  located 
in  the  nor/le  support  structure  Tlie  primin'  nozzle  varia¬ 
ble  p»itw<n  flap  and  m  al  w-grrx-nts  arr  moved  aft  and 
deflated  inward  to  blink  tl»e  normal  rihau*t  flow  path 
and  to  diri<i  t.V  eihaust  outward  llirouch  the  cascade*. 
The  cascade  asM-mblw-s  turn  arid  direct  t)»e  (aw-t  into  an 
efficient  reverse  thrust  pattern 

A  partial  reverse  position  i»  incorporated  into  the 
thrust  rewrser  design  for  additional  fl*  xihility  ir  engine 
thrust  control  A  m hematic  of  t)ie  thru*!  rr\rrwr  in  the 
nartud  reverse  thrust  poMtion  u  shown  m  Fig  4  13.  Partial 
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thruat  reversal  ia  acomphshed  bv  ofirning  tlve  cowling  to 
uncover  the  cascade*  and  moving  the  variable  fveitiori 
(K-frwnU  ni  t K-i t  they  partially  bh*k  the  nomuil  e\h*u*t 
Tow  path  Tlx*  i-iluiuvt  flow  i*  divided  *o  tluit  a  partiun 
amtimjrt  alt  throu  h  thr  fjiftiif  nozzle  and  the  rr 
maindcr  ia  directed  outward  through  die  rrvemer  cascade* 


4.3.1  OPttATlOW 

The  thrust  revrix  r  w  go\«  mr*d  by  a  closed  loop,  three 
posit  kxi  control  portion  of  the  rihaui.1  no/itf  and  re- 
vorvr  control  *>M#m  Thu  rr»n*eta  nf  a  *:gn.»l  n**  hamsm 
and  servo  valve,  nnrhroni/rd  hvdniuhc  «<  tii.it/ip>.  Unk¬ 
ing  drvutw,  and  a  nvxhamcnl  fiootmn  f»*-dlxi«k  and  safety 
interim  V  ►v,«t/'n  The  rrvrr*T  i*  |n»  itioru-d  a*  a  fumtion 
of  the  thru  t  lev*  r  s  iting  Sm-  So  tmn  .r»  for  a  d«-w  npl»on 
of  thru>t  rrverser  iuntn4  and  sj»«*<  i*J  feature*. 


4  3  3  Pf9FO*MANCf 

The  i  F  i<  ru  >  of  a  thrust  revenxr  installation  on  an 
p!  ini'  M  h  given  engine  power  sitting  it  generally 
I  <  -«.l  ;  *  :  r  it  ■;>  of  the  n«t  i>  nj‘t  with  tlie  unit  in 

tniiM  j» »  .t  i on  to  die  net  thruat  with  the  unit  in 
f  >rwcrd  j>#»itnwi. 

F.  ( Reverse) 

A 

F.  ( F<  rward) 

TTm  n«  (  thrust  with  tlx*  unit  in  thr  reverse  p»i 
r*  j*  mm  «d  1 1 v  thr  airplane  difhr*  Iron  the  gmsa  th 
of  th#1  ur.it  m  thr  nvirsc  portion  djr  to  r»m  drag 
inti  rf«  n  m  r  «  fT<  •  t*  t  f  th»  ri*v«  r<  ll»ru»1  flow  fx  Id  on 
drag  of  the  nirj  !i,ri»-  for  <  lample,  the  normal  drag  of 
lir  l«  d  fl  ij*s  during  the  l.indirg  roll  on  thr  runway 
la-  nrga(«-d  hv  tlx-  n  s«  r'-*  thru-t  flow  ft«  Id  under  the  winf . 


an 


The  alicmtlilf  (ru<  thrust  of  the  unit  in  rrvrr  e  m 
inf!uen<a-d  b>  ibrte  factor*  (1)  the  airvpeed  at  wlorh 
the  re%rrse  f a -w->  are  ingested  into  lf»e  engine  inie-t,  (2) 
the  u  tting  of  the  engine  with  t fx*  unit  in  ti»e  ra- 

vme  thrust  p*j*iti<#n,  «nd  (3)  the  angle  in  relation  to  the 
rngir.e  centerline  through  which  ti>e  reverse  |im  «n 
turned 

•  Ingestion  of  the  mrpe  ethamt  gnu*-*  into  the 
enguie  is  cau^d  mainly  by  live  ruanda  attachment 
of  the  gavi  to  tlie  jed  contour  and  by  tiie  re- 
rtMriitid  an-a  l»*tww-n  thr  wing  and  the  ground 
plane  in  whuh  (lie  reverse  gas  must  flow.  At  the 
higlicr  airsjutds  morm-ntum  of  tlie  fn*e  stream 
forte*  the  reverse  gases  to  turn  around  and  flow 


brhind  the  airplane  Aj  the  air>pr*d  u  reduced, 
tlie  turning  moves  f  rward  with  rw-pert  ta 

the  \fA  untiJ  li*e  eng  u*e  jiU-t  opening*  are  reached 
and  it  rest  hjT  (xvun 

Vn*4-n  ingestion  «ruri.  tlw  engine  pywtf  muat 
be  r*dj'  d  to  deerea**-  !l«e  r*.  s*  fty»  of  the  revtfW 
giLsrs  r*,d  alio*  the  lumr  point  to  faU  behind 
die  i '  Irt  oje-mn*’*  Men«r,  i  t>ie  airplane  alow* 
down,  engine  jevu-r  u>  d<s  n  pn  portionaldy 
At  the  ui>tiat><>n  of  n^ene  r’lrust  at  touchdown 
air*;«*dv  t*»e  rrwiiunum  possible  reverse  thruet 
force  I*  dfir»d  arid  »*ig«M*on  u  not  •  pirblem. 
Tl*e  big  bed  pr actual  engine  jiuwrr  u  employed. 
For  augmtmted  engm«%,  this  ta  maximum  dry 
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po»ff  uw*  of  aujfmmtrd  po*rr  u  not  IraniMt 
Mrur  cnolm*  the  resrr***r  rump>nmU  with  •** 
ary  lir  it  not  ptm^ibk. 

•  Borin*  ha*  esUb!i4>.d  throufll  npenencr  that 
ihf  maiimum  nr^lr,  tn  relation  to  iV  mjme  I'rn- 
terhne  through  a  ha  h  the  rt nrrv  Ka-**s  i»rr  turned 
cm  I*  rsUhh4i.il  by  t«M  only  For  maximum 
rt'vrr<  thrust,  the  *av«s  4*>u!d  1a-  turned  forward 
to  the  eitmt  that  injislkm  *  ill  ovur  at  maiinuim 
dry  poacr  and  low  air  ■pn-da. 


A  modrl  of  tf*  FV«-.n|t  transport  u»*d  lor 

tT-swr  d^rlopi>«mt  u  ah"»-n  in  Fi»a  4  14  »na  ♦  *6- 

Thrw  of  lh»  f'>or  *»'«•  *1 

*u-nin  ..r  .1  tU  rr«f~n  U»  4  16  and  4  17  Jwm  tha 

rr>.i.-l  ir.hUH<*d  and  in  oja-ra  .ran  . 

KM».„mr  ra.n«f  from  tin-  Bonn*  Modrl  707  ard 

720  i-ommrn  tal  Iran- porta  «od  0*  ►“!"  tranaport 

rr-iraf  drvrlopmmt  pn*n--n»  .-tal.l.0«  tK?'  *" 
ortiry  fartor  U>  of  40  prri.-nt  and  .  critical  upturn 
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.pcrd  cl  fO  knot*  mn  lie  espcctcd  from  the  reverwr con- 
fi.ru rnt  ion.  Fir*  4-18  and  4  19  show  the  mrn.  'thrust 
power  schedule  »nd  the  rmultmg  reverse  thrust  •  ssilahto 
from  touchdown  »|>ced  to  full  stop,  rh*  nines  »re  hosed 
on  the  following: 

•  Kevenc  th.ust  •llcicncy.  *  0.40. 

•  Minimum  Vs  flower  is  used  from  touchdown 
„p,,,|  to  ll»e  cnti.nl  ingetinn  sped  of  M  knot*. 


pt.  ra  eol,om  V...  Tlwosy»>  Ti.cpw.*!  c  ovKf  Phew 


.  Continuous  engine  throttling  Iron,  the  riMimum 
drv  power  setting  »t  W  knot  mention  sp.sd  down 
to  H)  percent  ItPM  (17  percent  raumum  dry 
power)  M  full  stop  ,  .  v 

The  stopping  distances  noted  in  Volume  A  V,  Arro- 
dynnmirs,  »re  Ivcssi  on  thi-sr  data. 

4  34  EXHAUST  ROW  F1RD 

n.e  eternal  ton-  into  which  the  resener  r.hau.t  !»*• 


# 


ran  hr  di^harged  influenced  the  reverser  configuration. 
The  underwing  pixliinl  installation  results  in  acme  degree 
of  surface  impingement  hv  I  he  hoi  reverser  gasca  on  the 
wing  and  Isidy  and  undercarriage.  Careful  control  of  the 
rcver-er  exhaust  flow  fields  i**  exercis’d  to  limit  surface 
temperature*  of  adjacent  structure*  lo  acceptable  level*. 
Control  of  the  plairmcnt  of  the  exliau^t  gases  is  alao  r®* 
quirrd  to  avoid  pressure  buildups  under  the  body  and 
wing  th.it  would  tend  lo  pitch  up  the  body  Temperatur® 
and  pressure  measurement*  are  taken  durinf  the  reveraer 
development  wind  tunnel  testa. 

Fig  4  20  shows  the  exhaust  flow  direction*.  The  «- 
haust  flow  from  the  outboard  enginim  is  directed  outboard 
and  forward  in  an  unrestricted  flow  path.  The  exhauat 
flow  from  the  mt>oard  I'liKiihn  is  divided.  The  outboard 
portim  is  directed  forward  (behind  the  undercarriage) 
and  under  the  outl»oord  pod  to  mix  with  the  outboard 
pod  flow.  The  inboard  portion  ia  direct'd  under  the  body 
to  mix  with  the  fljw-  from  the  opposite  inboard  engin*. 

4.4  Sarondory  Air  Syitom 
4.4.1  DESCRIPTION 

The  aspiration  and  cooling  requirement*  of  the  nozzle  are 
supplied  hy  variable  area,  normally  flush  scooi>*  locaUd 
in  ‘he  exhaust  system  assembly  exterior  cowling.  A  schem¬ 
atic  of  the  snondary  air  system  is  shown  in  Fig.  4-21. 

'Ihe  system  consist*  of  flu^h-type  scoops  with  mov¬ 
able  lips,  ducting,  actuators,  plumbing,  and  controls.  Two 
capture  areas  ore  established  by  the  system.  With  the 
scoop  lip  in  the  flu^h  position,  the  scoop  capture  are* 
satisfies  the  dry  (non-augrmnted)  supersonic  cruise  aec- 
ond.iry  air  rrquirrnx  nta  of  the  nor  He  With  the  scoop  lip 
in  the  displaced  outward  po-iti«.n,  the  capture  area  ia  en¬ 
larg'd  to  satisfy  the  augmented,  subsonic,  and  transonic 
secondary  air  nquiremml*  of  the  nozzle. 

Air  raptured  by  the  scoops  is  ducted  inward  to  the 
forward  end  of  the  nozzle.  From  there  it  is  dirts  ted  over 
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4.4.3  KRFORMANCf 

Hie  aecondary  air  ayslem  ia  designed  to  provide  nozzle 
ventilation  and  cooling  air  flow  aa  indicated  in  the  curve* 
in  Fid.  4-2.1.  In  the  dry  power,  low  pressure  ratio  range, 
the  rather  atcep  rise  in  airflow  requirement*  la  established 
aa  a  mean*  of  hclpihg  to  prevent  over-expansion  of  the 
primary  airstrenm.  At  these  low  pressure  ratio  conditions, 
the  optimum  nor/le  performanee  ia  obtained  through  the 
use  of  a  greater  amount  of  secondary  air,  thereby  requir¬ 
ing  less  boat  tail  angle. 

The  pumping  characteristic*  of  an  ejector  determine 
the  required  pressure  level  of  the  rrcmidary  air  for  a  spe¬ 
cific  flow.  These  characteristics  ure  mainly  a  function  of 
primary  pressure  ratio  and  gap  size  between  the  primary 
nozzle  and  ejector  throat. 
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NOZZLE  PRESSURE  RATIO  -  PT#/p0 


Corrected  S*c— dory  Ft* m  U *W  in  Catrvtaflnf  Naaafa 
filial— ua 


Fig.  4-24  show*  an  envelope  of  the  pumping  charac¬ 
teristic*  of  a  wries  of  ejector  model*  taken  from  NASA 
data  (Ref.  .1)  matched  to  an  engine  over  the  Mach  num¬ 
ber  range.  The  model*  selected  in  the  development  of  tliia 
envelo|ie  agree  closely  in  primary  and  exit  geometry  to 
theGE4  J4C  nozzle. 

Superimposed  on  the  pumping  characteristic!  curve* 
ia  the  curve  of  maximum  secondary  flow  for  the  proposed 
nozzle,  which  indicate*  the  required  secondary  prr— ura 
level. 

Fig.  4-25  hhowR  hew  the  pressure  recovered  In  the 
open  p«*ition  by  the  fccoop  meet.*  the  norzle  requirement*. 
Calculi!  i«>n*  nhow  the  maximum  Mwp  area  requirement 
to  he  approximately  one  square  foot  per  engine. 
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5  4 

6.3  Engine  Control* 

in 

5.3.1  Sturt  Control* 

6/7 

5.3.2  Thrust  Control* 

5  II 

6.3.3  Flight  Idle  Throttling 

6/It 

5.3.4  Partial  Reverse  Thrust  Control 

5  IS 

5.3  5  Safely  Interlock  SyntefU 

614 

6-3.6  Windmill  Brake  Control 

5  If 

5.4  Full  System  Control* 

6  If 

# 


* 


5.0  CONTROLS  (RTF  3. 1.9.7  end  2.33.1c) 

5.1  General  Deurlptlen 

The  propulsion  system  coni  rule  govern  the  opera  tion  of 
the  engine  inlot,  * carting  system,  exhaust  system,  and 
fuel  system  throughout  cU  model  of  flight. 

The  supersonic  transport,  oj**rating  over  j  broader 
Bfieetl  range  thin  today's  subsonic  aircraft,  require*  a 
more  complex  propulsion  system;  therefore  special  cm* 
pha.si*  is  being  maintained  during  the  development  of  the 
control  system  to  ensure  .simplicity  and  nliflbilit  j.  One  act 
of  thrust  h’vens  for  example,  controls  all  ‘h'nd. 

“Piggy -hock"  reverse  thrust  levera  are  not  employed. 
Maximum  advantage  has  bd-n  taken  of  natuial  forces  to 
avoid  special  and  complex  manual  control  requirement*. 

5.2  InUt  Centre  If  (RFP  2.25.4) 

Control  of  the  supersonic  inlet  is  accomplished  by  an  auto¬ 
matic  control  system  governing  the  position  of  the  vari¬ 
able  diameter  centerUdy  and  the  controlled  by, vow  doom. 
Natural  forces  act  on  secondary  nir  inlet  dc  -a  for  takeoff 
and  on  secondary  bypass  doors  to  arret  shoe*  expulsion. 
The  system,  except  for  the  fuel  supply  pump,  ia  self- 
contained  within  the  in!,  t  and  requires  no  signal  from  the 
flight  deck. 

3.2.1  AUTOMATIC  CONTiOl  SYSTIM 

The  automatic  control  is  a  hydromechanical  unit  which 
aenses  air  pressure*  similarly  to  engine  fuel  control  units 
arid,  in  fact,  operates  with  fuel  as  the  fluid  medium.  An 
engine  fuel  con t ml  unit  senses  various  pressure  inputs, 
and  schidulcs  fluid  flow  as  n  function  of  the  positioning 
of  a  three  dimensional  earn  Hvdromcchanicnl  fuel  con¬ 
trol  units  hive  '"•tahlidud  nr.  excellent  record  for  reliable 
service.  Airline  maintenance  of  fuel  control  units  is  a 
routine  operation.  Tcibnical  coordination  with  various 
control  unit  vendors  such  as  Hamilton  Standaid  Division. 
I'nited  Airrmft  Corporation;  Marquardt,  snd  the  Garrett 


Corporation  is  in  progress.  The  schematic  of  the  auto¬ 
matic  control  system  projsxsed  for  the  Boeing  supersonic 
ir.let  by  Hamilton  Standard  is  sh'wn  in  Fig.  5-1. 

Inlet  Marh  niimln  r.  angle  of  incidence,  and  other 
pressure  signals  through  the  inlet  are  fed  to  the  auto¬ 
matic  (ontroller  to  js^iiion  tlie  variable  inlet  geometry 
for  optimum  performance  during  nil  of  flight  Tha 

automatic  controller  noMsta  of  a  thmul  control  loop  to 
govern  the  position  of  tiic  variable  diameter  crnUrbody 
and  its  airblctd  exhaud  door*,  and  a  normal  shock  con¬ 
trol  loop  to  govern  the  controlled  byjviss  doors.  The  over¬ 
all  loop  gains  and  effective  time  constants  of  tlie  throat 
and  normal  shock  control  looj*»  are  chosen  to  handle  up- 
stream  r.nd  downstream  disturbances. 

The  automatic  control  system  is  designed  for  safety 
and  reliability.  Redundancy  of  doors  and  actuators  in 
the  bypass  system  ourw  that  single  failure*  will  not 
cause  loss  of  normal  shock  control.  Design  of  live  doors  and 
pivot*  ia  such  tliat,  with  lot*  of  hvdniulic  power  for  the 
con t ml  and  actuators,  the  controlled  bypass  doors  will 
open  to  a  fail-Mafe  position. 

5.2.1.)  Throot  Control  Lo«p 

The  tbrunt  control  is  an  open  loop  comprised  of  a  Mach 
sensor,  centerUdy  position  feed* hick,  and  an  attitude 
bias.  Demand  signal*  genera  t<d  by  the  three  dimensional 
cam  (scheduler)  n.c  a  function  of  Much  number  and  atti¬ 
tude  input*  are  medianicnlly  fed  into  the  servo  system, 
initiating  the  necessary  movement  of  the  oenterbody 
actuator.  Completion  of  the  actuator  motion  i*  effected 
by  fe«d  Ivick  linkage  from  the  actuator  to  the  servo,  «*- 
L*ihl idling  the  nquind  throat  ana  for  inlet  Mach  number 
and  attitude.  CenterUdy  position  a*  a  function  of  inlet 
Mm  h  numUr  i*  shown  on  Fig  52  The  nngle  of  incidence 
bias  shown  on  the  Mm e  figure  Inlet  Math  number  and 
angle  of  incidence  are  moasund  by  total  and  static  pres¬ 
sure*  at  the  cvntrrbody  tip. 
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5.11.2  Normal  Shock  Control  loop 

TTic  normal  shock  control  lx  a  cloord  loop  system  and  con¬ 
sists  of  a  reference  signal  scheduler,  a  normal  shock  posi¬ 
tion  sensor,  a  servo,  a  btart-Uiiotart  control,  and  a  bypass 
door  actuator.  11)0  dosing  l«x»p  is  made  by  the  aerody¬ 
namic  feedback  from  the  bypass  door  station  to  t)ie  dif¬ 
fuser  Mach  sensor.  Operation  of  this  system  is  divided 
into  two  distinct  m<xlcs:  one  for  the  subsonic  condition 
and  external  compression  condition  (up  to  Mach  IX)  and 
the  other  for  the  mixed  compression  condition  at  higher 
spe-eds  (Much  1.8  to  2.7).  Switching  of  the  operation  is 
done  by  the  inlet  starting  or  unstarting  initiated  by  the 
signal  scheduler  and  the  start-unstnrt  control 

During  the  subsonic  or  external  compression  mode  of 
the  inlet,  the  Mach  number  senses!  by  the  diffuser  Mach 
sensor  Is  compared  with  that  generated  by  the  reference 
signal  scheduler.  If  an  error  exists,  it  will  be  fed  into  the 
servo,  initiating  the  necessary  movement  of  the  bypass 
door  acTuntor*.  Termination  of  bypass  door  actuation  ia 
accomplished  by  aerodynamic  feedback  from  the  bypasa 
door  to  the  diffuser  Mach  probes  when  the  required  inlet 
flow  is  established. 

Operation  of  the  loop  during  the  mixed  compression 
mode  of  the  inlet  is  similar  except  that  the  reference 
signal  now  generated  bv  the  scheduler  Is  for  positioning 
the  inlet  normal  shock.  This  provides  the  maximum 
pressure  recovery  with  nn  adequate  stability  margin. 


The  design  stability  margin  is  two  \  icrnt  d  prewuif 
recovery.  Diffuser  duct  Mach  number  u  tie  seracd  signal 
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to  control  shock  position.  TV  un»  pn>lir«  are  used 
throughout  the  Much  range.  The  diffuser  Mach  number 
schedule  for  bypass  door  control  ii  shown  or  Fig.  5-3. 

SM.3  Shock  Espulrion  {anting  System 

In  the  event  that  the  inlet  should  umtart,  a  shock  expul- 
»ton  M*nMir  activate  the  servo  to  ojien  the  controlled 
bvpa.se  doom  and  throat  area  This  immediately  restarts 
the  inlet.  After  the  shock  has  re-enten-d  the  inlet,  the 
norm.il  shock  petition  Mfw>r  will  res. re  the  throat  area 
and  close  the  controlled  h>pav-i  doom.  Should  wime  per¬ 
sistent  fault  exist  no  that  the  inlet  MUrmaively  unstarta, 
a  counter  on  the  shock  expulsion  arming  system  will  ener- 
gire  to  lock  the  controlled  bypass  doom  open. 

S.J.J  StCONDA*/ irPASS  SYSTEM 

Secondary  bypas*  doom  located  near  the  inlet  lip  remain 
cloned  at  all  speeds  alien  the  inlet  is  operating  normally 
At  supersonic  rmiM*  speeds,  if  llie  irlet  unstar. a,  the  high 
pressure  created  at  the  front  of  the  inlet  immediately 
forces  the  secondary  doors  o|)rn.  This  stabilize*  the  normal 
shock  at  the  inlet  lip  and  prevents  inlet  bu/r.  The  con* 
troller  imnxduttelv  restarts  the  inlet  by  openin*  the  throat 
and  the  controlled  bypass  d<w>r*.  TTiis  allows  the  spring 
loaded  secomlary  doom  to  return  to  their  normal  cloaed 
position. 

In  the  event  that  the  controlled  bypass  system  ia 
inoperative  and  the  inlet  does  not  restart,  the  im-onrUry 
bypass  doom  remain  open  and  pre.it ion  the  nonaat  shock 
near  tin*  inlet  lip  to  establish  an  inefficient  but  stable  and 
safe  flight  condition. 

TheM*  doom  will  open  in  the  event  that  the  engine 
in  shut  down  and  the  wi  dmill  brake  n  applied  (Par. 
5J5.6). 

5  13  TAKEOFF  DOOM 

During  static,  takeoff,  and  low  *.|*cd,  high  engine  power 
conditions  the  engine  will  demand  more  air  than  can 


flow  through  tlie  inlet  bp.  The  negative  pressure  generated 
•ruide  the  inlet  open  tlie  Lakouff  doom,  providing  more 
meat  flow. 

5.2.4  IN  ITT  CONTROL  SYSTEM  OPERATION 

The  percent  cruise  capture  area  aa  a  function  of  the 
»■  rplane  Mach  number  is  sliown  for  the  engine,  the  inlet, 
and  the  inlet  thro  t  in  Fig.  5-4.  T7*e  difference  between 
engine  requirement*  and  the  inlet  capture  area  establishes 
tlie  controlled  by  pus*  ar«-a  requirement.  The  difference 
between  the  inlet  rapture  area  and  100  fenrnl  represent* 
equivalent  air  to  le  cxl*malh  spilled.  The  arr  w»  with 
letu-m  A  through  F  corre^jiund  to  letter*  in  Fig.  .V5  whiA 
shows  schematic*  of  tlie  inlet  system  and  inlet  flow  pat* 
terns  for  several  Math  number*  throughout  lb*  airplane 
speed  range 

•  SCHEMATIC  A  (TAKKOFF  DOORS  OPEN) 
During  takeoff  and  •  uV'inir  flignt  from  Math  0  to  0,5, 
the  capture  area  demanded  Ly  the  engine  u  larger  than 
♦he  supply  of  the  inlet.  The  takeoff  doom  will  ruck  in 
during  thi*  flight  regime.  The  rrnU*rL*»dy  ia  fully  con¬ 
tracted  and  tlie  conlmlled  and  »*«<ondnry  door*  remain 
ebsu-d.  Alxne  ulsiut  M»»<h  0.3  the  inlet  supplies  adequate 
air  to  the  engine  and  the  takeoff  doors  cloaa. 

.  SCHEMATIC  B 
(M  Of*.  SUiSONir  BYPASSING) 

At  spied*  alsive  *U»ut  Mm  h  0.5  tlie  inlet  supplies  more 
air  thm  tin  ingine  demands.  F,in*ss  air  is  shown  entering 
the  inlet  and  is  bvp.iv**d  overhxird  through  the  con¬ 
trolled  bvpiss  doom.  The  centerbody  ia  fully  contracted 
.  SfTIKMATIC  C 

(M  14.  TRANSONIC  BYPASSING) 

A*  the  airplane  s{a*Y«<t  increase-*,  the  controlled  bypasa 
d»*>m  progressively  oja-n.  TV  maximum  opening  occur* 
at  about  Mm  b  1  1.  The  oblique  and  how  ihock  influences 
are  gaining  strength.  Part  of  the  mr  i*  dr  flu  led  overboard 
in  fmnt  of  the  inlet  by  the  conical  centcrhodv  as  external 
spillage.  Excess  air  entering  the  inlet  u  b>pa*scd  over- 
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board  through  the  controlled  byposa  doorx 
.  SCHEMATIC  D 

<M  t.fi.  WRING  INLET  .STARTING) 

At  a  npi'td  of  about  Mach  1 A  the  inlet  will  twitch  from 
the  external  mmpn-'.Mon  mode  (normal  shock  in  front 
of  the  inlet  lip  and  ^ut^-onir  flow  in-idc  the  inlet),  to  the 
external- internal  compression  mode  (normal  shock  twal- 
Icwol  and  Hupervnmr  flow  inside  the  inlet)  Tie  b>pfls* 
doom  open  wide  m< unon Lardy  to  allow  the  normal  fchock 


to  enter  the  inlet.  T7»e  irnti  rb*dy  diarrv  ter  in  inrmined 
shghtk  and  the  hypas-*  door  dosed  jwirtially.  locating  the 
internal  normal  sh<*  k  close  to  the  throat  cd  the  inleC 
•  S(  HEMATIC  E 
t.M  18.  A I  TER  STARTING) 

After  starling,  the  inlet  continues  to  operate  in  the 
external  intern. d  compression  m<«lr.  Air  in  being  spillcsl 
externally  through  th*  #\tem:d  mnirnl  shork  system; 
ex  res*  air  captund  by  the  inlet  i*»  di**  )uirg*-<i  through  the 
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controlled  bypasa  door*.  The  intern*!  norm*]  shock  it 
maintained  close  to  the  inlet  throat  by  the  automatic 
control  system. 

.  SCHEMATIC  f 

(M  2  7.  DESIGN  CRUISE  MACH  NUMBER) 

Aa  the  airplane  speed  approaches  the  design  M*  ch  num¬ 
ber,  the  automatic  control  system  cominuee  V  expand 
the  center  hod  y  and  rlo*~*  the  controlled  b>p  >a  door*. 
At  the  design  point  the  oblique  shock  off  the  entrrbody 
ia  approximately  on  the  inlet  lip  with  nunin-um  external 
and  bypass  spillage. 

3.3  Inglno  Controls  (RFP  2.33.1#) 

T1»e  engine  control  system  provides  the  meant  of  trans¬ 
mitting  '>«  plot*’  d  cm  red  thrust  variations  to  the  engine. 
The  pilot  p^.tiona  the  thrust  levers  on  the  aisle  atand  to 
the  desirtJ  netting.  This  signal  is  mechanically  carried 
to  the  power  cont-’J  system  on  the  engine.  In  response 
to  this  signal,  the  main  fuel  and  stator  portion  of  the 
power  control  system  controls  fuel  flow  to  the  main  com¬ 
bustor*  and  positions  the  variable  stator*  in  the  com- 
prcssoi;  the  augmentation  control  pc; lion  of  the  power 
control  system  controls  fuel  to  the  augmentor  sprayhars; 
the  nozzle  and  thrust  reveraer  control  portion  of  the 
power  control  system  positions  the  variable  area  com¬ 
ponents  of  the  nozzle  for  proper  area  control  and  locitos 
the  thrust  reverter  components  for  the  correct  operating 
regime.  Tlie  power  control  system  also  protects  the 
engine  from  exceeding  RPM  and  turbine  temperature 
limits  during  stabilized  operation  as  well  at  during  accel¬ 
eration  and  deceleration. 

The  thrust  lever*  and  the  start  lever*  ire  connected 
the  engine  by  means  of  cable  control  systems  and 
lin  "  -  Mi}.  Tlie  cable  systems  incorporate  auto- 
Unsio.  us  to  facilitate  engine  replacement  The 

cables,  p  .  s,  and  linkiges  for  the  thrust  and  atart 
controls  are  made  of  corrosion  n-sUtant  steel*. 

The  automatic  thruM  control  portion  of the  automatic 


flight  control  ay  stem  operates  servomechanisms  on  tha 
thrust  control  cablet  to  vary  thrust  Manual  thrust  con* 
tzola  by  means  of  the  thrust  lever*  may  override  at  any 
time. 

As  a  safety  precaution,  the  thrust  and  start  lever* 
are  physically  separated,  a*  shown  in  Fig.  5  7  Engine 
shutdown  by  using  the  etart  lever  ia  accomplished  by 
moving  the  lever  to  CUTOFF  position,  thereby  doo* 
ing  the  stopcock  on  the  f  ngme.  Engine  shutdown  by 
using  the  thrust  lever  U  act  nmphshed  by  moving  the  lever 
to  the  IDLE  position  and  activating  the  proper  switch** 
on  the  engineer's  pane!  to  shut  off  the  fuel  supply  to  tho 
engine.  Fig.  6-8  show*,  schematically,  the  main  featuraa 
of  the  engine  control  ayvian*. 


5.3.1  START  CONTROLS  (IFF  2.23.14  and 
3.2.93) 

Starting  and  cutoff  of  ecch  of  the  four  engines  ia  con¬ 
trolled  by  individual  lexer*  located  on  the  control  stand. 
Each  start  lever  may  be  wt  at  START,  IDLE  and  CUT¬ 
OFF  position*  to  control  the  start  and  cutoff  function#. 
With  the  thrust  lexer'  in  IDLE,  moving  the  start  lever 
from  Cl  TOFF  to  START  transmit*  a  mechanical  input 
into  the  primary  fuel  and  stator  control  unit  on  the  engine. 
As  a  n-sult*  of  this  input,  the  control  unit  mechanically 
o|*  ns  th  •  engine  furl  stri|icork  alhwing  fuel  to  flow  through 
the  main  fuel  pump  to  the  control  unit  metering  system 
nnd  then  to  the  fuel  nozzle*.  Lightoff  of  the  engine  ia 
accomplished  by  an  elector  signal  from  .he  flight  deck 
which  energize*  the  engine  ignition  system.  After  the 
Mart  is  accomplished,  the  start  lever  i*  moved  into  IDLE. 

A  pneumatic  starter  is  u.M-d  for  starting  h  .-^gine. 
A  prevsurr  regulating  valve,  installed  in  the  imeumatic 
supply  duct,  runt roh  the  air  supply  to  the  starter. 

A  schematic  dngr.im  of  the  elivtnc.il  circuit  of  the 
system  is  shown  in  Fig  M*  A  single.  guarded  toggle 
hv  itch  for  cm  I)  engine  control*  the  solenoid  of  the  starter 
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pneumatic  valve.  The  switch,  installed  on  the  control 
stand,  has  three  positions-  GROUND- START,  OFF,  and 
FLIGHT-START.  The  switch  u  held  in  CROUND- 
START  (momentary  position)  to  arm  the  ignition  system 
and  to  energize  the  starter  valve  The  open  starter  valvt 
directs  air  to  the  pneumatic  starter  to  begin  rotation  of  the 
engine.  Ignition  is  then  obtained  when  the  start  lever  ia 
moved  to  START.  Electrical  energy  to  the  starter  valve 
is  interrupted  by  a  cutoff  switch  on  the  starter  which  auto¬ 
matically  opens  the  start  circuit  when  the  cutoff  speed  is 
reached.  The  starting  cycle  can  also  be  terminated  at  any 
time  by  releasing  the  start  switch. 

Moving  the  starting  switch  to  FLIGHT-START 
(maintain -contact  position)  energizes  the  engine  ignition 
system  regardless  of  the  position  of  the  start  lever  but 
does  not  operate  the  starter.  This  position  of  the  start 
switch  is  used  for  starting  when  the  engine  is  windmOling, 
or  when  ignition  is  desired  during  takeoff,  landing,  or  fly* 
ing  through  s r  ere  turbulence. 

Engine  motoring  is  obtained  on  the  ground  without 
ignition  by  moving  the  start  switch  to  GROUND-START 
with  the  start  lever  in  CUTOFF. 


5.3.2  THrUST  CONTROLS  WFP  2.25.1a) 


The  thrust  of  each  of  the  four  engines  is  controlled  by 
individual  thrust  levers  located  on  the  control  stand 
immediately  forward  of  the  start  levers.  The  thrust  levers 
control  engine  thrust  from  full  reverse  at  the  aft  end 
of  the  lever  travel  through  idle  to  full  augmented  for* 
ward  thrust  at  the  extreme  forward  lover  position.  Tif. 
5-10  is  a  diagrum  of  the  thru-  ’ever  positions. 


For  starting,  the  thrust 
stop  position,  shown  as  (.1)  i 
moving  the  thrust  lever  forw, 
signal  to  the  engine  primary  fu 
and  to  the  exhaust  nozzle  and  t 


r .-mains  st  the  idle 
-10.  After  the  start, 
ismita  k  meclianica) 
1  stator  amt  ml  unit 
!ust  rrverxT  control  to 


increase  engine  power  in  forward  thrust  and  to  govern 
nozzle  areas  accordingly. 


OK  »  I 


THRUST  LEVER  ANCLE 

[2X1  Tbryi t  L*v0f  Syifm 

Advancing  the  thrust  lever  to  position  (2)  establish** 
maximum  dry  (tower  R  100  percent  rotor  RPM.  Advanc¬ 
ing  the  thrust  lever  to  position  (1)  establishes  maximum 
augmented  power  at  100  percent  rotor  RPM.  Retarding 
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the  Ui runt  lever  to  position  (3)  reduce*  the  mgino  to 
idle  power.  At  position  (3)  the  idle  Mop  is  encixi;  lered. 

Lifting  over  the  idle  htop  to  position  (4)  actuate* 
the  thrust  revervr  to  the  partial  reverse  thrust  position 
with  the  engine  at  idle  RPM.  Moving  the  thrust  lever 
to  position  (5)  accelerate*#  the  engine  to  approximately 
80  percrnt  HPM.  with  the  thrust  reverser  remaining  in 
the  partial  reverse  position.  At  position  (5)  a  high  lift 
■top  is  encountered  by  the  thrust  lever. 

Lifting  the  thrust  lever  over  the  high  lift  stop  to 
poaition  <6)  actuates  the  thrust  reverser  to  the  full  re¬ 
verse  thrust  position,  with  the  engine  remaining  at  ap¬ 
prox  mutely  80  percent  HPM.  Moving  the  thrust  lever 
to  position  (7)  cccelerates  the  engine  to  luQ  percent 
HPM  dry  power,  with  the  thrust  reveraer  in  the  full 
reverse  thrust  position. 

in  the  full  reverse  thrust  position,  the  engine  fuel 
control  governs  fuel  How  so  that  engine  overspeed  will 
not  he  s  problem.  The  thrust  revolver  control  ia  inter¬ 
connected  with  the  engine  fuel  and  stator  control  to 
dom?  the  stators  slightly  from  their  normal  schedule. 
This  increases  the  compressor  stall  margins,  decreases  the 
engine  sensitivity  to  temperature  distortion  at  thr  inlet, 
and  allows  some  ingedion  of  the  exhaust  gas  without 
causing  surge. 

Ingestion  is  a  function  of  engine  power  and  airplane 
velocity.  At  some  airplane  velocity  during  full  power 
reverse  thrust  deceleration,  a  critical  ingestion  point  is 
reaches!  which  will  enuse  surge  unless  power  is  reduced. 
The  pilot  should  move  the  thrust  lever  from  position  (7) 
toward  position  (fi)  to  rrduce  power.  It  is  anticipated 
that  the  80  |iercent  HPM.  full  reverse  thrust  position 
(6),  can  he  maintained  down  to  airplane  turnoff  velocity 
From  this  point  the  idle  RPM,  pirtial  reverse  Uxi  pro- 
erdure,  position  (4),  may  be  used. 

5  3.3  FLIGHT  IDLE  THROTTLING 

To  aid  in  slowing  the  airpUne  during  descend  «it  RPM 


unlocked  rotor  fuel  schedule  regime  at  flight  idle  power  it 
incorporated  in  the  engine  control.  The  pilot  may  ret*rd 
the  throttle  fully  to  the  idle  position  (3).  The  engine 
rotor  HPM  decays,  engine  fuel  flow  is  reduced,  and  the 
stators  reposition  to  reduce  airflow.  The  engine  inlet  *utl>- 
matirallv  compensates  for  the  reduced  airflow  condition. 
The  riduction  in  fuel  flow  during  the  descent  results  in 
the  saving  of  a  kub-Lnntial  amount  of  fuel.  Tl»e  reduction 
in  airflow  establish!-#  a  moderate  level  of  negative  thrust 
per  engine  In  Fig.  5-11,  the  installrd  thrust  of  the  engins 
as  a  function  of  Mach  numlar  is  shown  throughout  tha 
normal  descent  schedule  for  the  RPM  unlocked  rotor  idlt 
forward  thrust  condition  and  the  idle  partial  reverse  thrust 
condition. 

At  airplane  speeds  above  Mach  number  1.5,  the  fud 
flow  rate  at  idle  power  Hoe#  not  supply  the  continuous 
cooling  requirement  of  the  airpUne  and  engine  systems 
combined.  Tl»e  fuel  delivered  to  the  engine  during  this 
condition  will  not  exceed  125'  F.  When  high  airpUns 
sjx'eu.  idle  power  conditions  are  to  be  held  for  long  periods, 
the  air  bled  from  the  engine  inlets  for  the  cabin  air 
system  is  switched  from  fuel -air  heat  exchanger  cooling 
to  ram  air  cooling. 

5  3  4  PARTIAL  REVERSE  THRUST  CONTROL 

The  partial  reverse  position  provide*  the  pilot*  with 
better  control  of  airplane  speed  during  normal  descent, 
landing,  and  taxiing. 

•  During  normal  descent  for  landing,  at  airplane 
velocities  In-low  300  knot#  indicated  air  upeed.  tht 
pilot  may  place  the  thrust  levers  in  the  idle  RPM, 
partial  reverse  thrust  position  (4).  Thi#  pro- 
duie#  n  greater  level  of  negative  thruM  than  un¬ 
locked  rotor  at  idle  power,  a*.  shown  in  Fig.  5-11. 
During  manual  glide  dope  control  the  pilot  may 
intermittently  use  the  same  position  for  speed 
control 
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•  At  the  beginning  of  the  flare  on  fin*)  landing 
approach,  the  pilot  riMiy  pull  the  thrust  level! 
tli rough  the  idle  det«nt  arid  against  the  high  lift 
atop  «t  petition  (5)  Thu  produce*  zero  to  Alight* 
ly  negative  thrust,  at  shown  in  Fig  5-12.  Main* 
tain  trig  higher  Ilian  idle  R  PM  at  touchdown  «n- 
able*  the  pilot  to  get  f  J>ter  and  equalized  aocal- 
era  l  ions  to  full  power  reverse  thrust  on  commend. 
Approximately  3  second*  of  engine  acceleration 
time  ore  eliminated  The  hO  percjnl  n.PM  on  tht 
acceleration  schedule  at  position  (o)  allow*  for 
thrust  control  rigging  tolerance*  by  bringing  aQ 
engines  to  equalis'd  R PM.  This  prevent*  aaym* 
metric  revere*  thrust  cau  cd  by  these  tolerance*  or 
by  variations  in  the  acceleration  rate  of  the  engines 
when  accelerating  from  idle  RPM. 

•  T7»e  pilot  may  use  the  partial  reverse  thrust  posi¬ 
tion  during  taxi  condition*.  The  idle  thruit  to 
we. /lit  ratio  of  t/rffuy’A  commercial  turhofan  trmna- 
port.s  rauM**  high  Ln ni  spc**da  unless  brake*  are 
used.  On  long  taxi  run*  significant  brake  beat  it 
gem  rated.  The  idle  thrust  to  weight  ratio  on  the 
superfine  tram  port  makes  thi*  more  severe.  Taxi¬ 
ing  with  one  cr  more  engine*  in  idle  reverse  thrust 
hi. .us  fitn-.^n  matter  up  of!  the  runway*  to  be  in - 
p*M/*l  liy  the  engine*.  The  use  of  the  partial  re- 
viN1  position  for  taxiing  eliminate**  the  ingestion 
hazard  and  n*duccs  the  forward  thrust  of  the  en¬ 
gines  at  idle  by  approximately  50  percent 


5  3.5  SAFETY  INTERLOCK  SYSTEM 

The  cemtr  .1  *>stem  '.corporate*  a  mechanical  safety  in- 
terlock.  Thi*  devi«T  was  conn  ived  and  developed  by  The 
Boeing  Company  and  installed  on  all  Boeing  jet  trana- 
porta.  The  significant  feature*  of  the  safety  interlock 
are  a*  follow*: 

•  Power  cannot  Iw  increased  in  the  forward  thm*t 


# 


lever  regime  i  in  low  the  revereer  is  in  the  forward 
thrust  position 

•  Power  cannot  be  increased  in  the  partial  reverse 
thrust  lever  regime  unless  the  mmrr  is  in  the 
partial  reverse  thrift  position. 

•  Power  cannot  Ik*  increased  in  the  full  revere# 
thrust  lev*  «•  reg'me  unless  the  reververa  are  in  the 
full  reverse  thrust  position. 

•  In  the  event  that,  at  any  power  condition,  the 
reverse™  should  dejuirt  from  the  position  dictated 
by  the  thrust  lever  position,  the  engine  power 
will  he  reduced  such  that  the  net  effect  on  the 
airplane  will  hr  equivalent  to  one-enginc-out  oper* 
at  inf  conditions. 

The  safety  interlock  between  the  thrust  lever  poli¬ 
tic*  ind  the  thrust  revereer  position  provides  the  pilot 
with  «n  immediate  signal  in  the  event  of  malfunction. 
The  movement  or  resistance  of  a  thrust  lever,  coupled 
with  position  indicting  warning  lights  on  the  flight  desk, 
enables  the  pilot,  in  the  event  of  s  sudden  change  of 


thrust  associated  with  tlie  rrversrr.  to  determine  which 
engine  is  affected  and  what  modi-*  of  thrust  are  MiO  avail* 
able  to  him.  71»e  reverse r  p^ it  ion  indicating  light  mount* 
ed  on  ti»e  pilots'  tenter  jsuul  goes  on  when  the  rrverear 
ham  left  the  forward  thrust  position. 

5  3  6  WINDMIU  MAKE  CONTtCX 
(RFP  2.25.51 

In  the  event  of  inflight  shutdown  at  high  sfired  the  *st- 
gine  may  rotate  at  high  HPM.  Oil  starvation,  engine 
component  det*  rioration,  and  wi/uit*  of  tl»e  rotor  would 
be  potential  luiiards.  To  minimize  the  problem,  a  wind¬ 
mill  brake  is  employed.  Tin*  coit  pressor  outlet  guide 
vanes  are  rotated  in  the  engine  to  an  overlapping  posi¬ 
tion.  Tlie  engine  rotation  is  reduced  to  approximately  20 
penvnt  HPM.  At  this  HPM  engine  windmilling  is  com¬ 
parable  to  that  on  pro-writ  day  aircraft.  Control  of  the 
wir  dmiil  brake  is  accomplished  by  moving  the  engine  atari 
lever  to  cutoff. 
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4.0  INCINI  STARTING  (RTF  2.25. 1g,  3.2.9.31 

High  reliability  a  primary  ob)«'ctive  througlx.KJt  the 
*rlecti«»n  of  the  er.gux  starting  ay-stem  Simplicity  and 
the  ability  to  u*x  any  one  of  several  air  wuntu  are  features 
of  the  chosen  ayatem. 

The  development  and  test  plan  to  ensure  a  aafe  and 
reliable  engine  starting  ayatefn  is  presented  in  Par.  N.5  of 
this  voluina. 

4.1  Sjnt<im  Dawription  (IIP  2.101 

A  pneumatic  alerter  ii»  umxJ  for  alar  ting  each  engine.  A 
pnes.-ure  regulating  and  diu tuff  valve  installed  in  the  pneu¬ 
matic  supply  duct  controls  the  nir  supply  to  the  starter. 
The  installation  of  tlx  slur  Ur  and  valve  ia  liiown  in  Fi* 
6-1  The  manner  in  which  tl>e  flight  deck  control*  are 
operated  to  st.irt  the  engine?*  is  explained  in  S*«ti*m  5. 

Accessory  loads  during  starting,  such  as  torque*  re¬ 
quired  to  overcome  the  me*  lumirol  friction  and  the  inertia 
of  the  hydraulic  punqe,  the  constant  sjieed  drive,  and  the 
get  .era  tor,  have  tern  taken  into  account  in  calculating 
starting  f*»wer  requirement*  nr.d  starting  lime.  The  engine 
driven  hydraulic  pwri|H  incorporate  a  bypass  M-tein  to 
unbiad  the  pwmj»*  hiring  the  start.  The  engine  driven 
generators  are  also  unloaded  during  the  start  To  aid  in 
preventing  ’‘hoi*'  Math*.  the  starters  are  *i/id  to  provide 
g>»d  acceleration  through  the  engine  hghtnfT  range. 

Starting  can  In*  accompli? bed  with  air  from  ennven- 
tional  airline  ground  carts  having  a  pressure  of  approxi¬ 
mately  U)  p*ia.  or  fn>m  an  ojieretiMg  engine. 

The  starter  is  installed  on  the  engine  grarl»ox.  A  quick- 
nttneh-deta*  h  coupling,  supplied  a*  a  mmjmm  nt  of  the 
►tarter,  facilitates  removal  and  installation.  To  accomplish 
this,  a  single  damping  bolt,  requiring  a  standard  tool.  at- 
taehi-s  tin  starter  to  the  engine  The  adnp  ft  and  clamp¬ 
ing  nrg  pirlion  of  the  coupling  remain  with  tlie  engine 
when  the  starter  is  removed  so  that  there  are  no  loose 
part*. 


Tlx-  starter  exhaust  la  durf-harjeJ  directly  into  tha 
engine  com  jx  rl  merit  and  then  overlrxrd  through  a  wit. 

The  starter  and  valve  are  m»U.l)ed  in  an  ana  in  which 
the  ternjxralure  is  3fi0  F.  or  U-x  *hruughout  tlx  airplana 
ojaralmg  range.  They  are  doigrnd  with  a  1(0'  F.  margin 
aliuve  this  Urnp-nturr  to  ensure  long  prrvjda  hetwam 
servicing  Tlx  rrw-thod  u-*-d  to  control  the  arrrwory  «n 
vironrrv-ntAl  U-mjw  rnturr  is  explained  in  S*«  t*un  2.  Nc 
external  cooling  of  the  -tarter  or  sLarUr  oil  is  required. 
The  starter  is  ]  ihriraU-d  with  oil  of  the  ivamr  sperihcatiod 
as  that  de- irnaU-d  for  the  engines.  W)x*n  the  lubricating 
oi!  in  tlie  engine  area  is  heated  to  40’  F  or  above,  tha 
engine  may  lie  started  at  an  ambient  temperature  as  low 
a a  — 6V  P 

4.2  SYSTEM  CHOICC  AND  TV  ADCS 

During  the  Nebvtion  of  the  starting  system  described  in 
this  section,  several  oilier  starting  ->  sl<ti>  were  considered. 
The  svten  (li'M-n  i^  la-hevid  to  la*  tlx  nght  one  for  tha 
GK4/J4C  engine  However,  otlxr  sysUfna  would  ba  re- 
viewed  in  detail  if  a  diflt  n-nt  engine,  *q*sially  one  requir¬ 
ing  grea'er  starting  enrrgv,  were  m  I**  t*-d  In  the  par* 
pupli*  wlmh  follow,  a  few  of  the  alternate  »y  sterna  arc 
tmidiid  on  briery  in  order  to  justify  tlx  low  prewure 
pneum.it  ir  system  whidi  h..*  lirxn  cdviaen. 

Cartridge  starter*  are  not  U  licved  to  lx  the  proper 
(bom  f  *r  t« m!/i v’s  commercial  aircraft  The  p.xwnt  car- 
tndgi  tmi*t  U-  stored  in  a  controlled  environment  such 
a*  in  the  pres-unred  cabin  The  product*  ci  combustion, 
in  addition  to  creating  a  smoke  problem  at  a  terminal,  are 
toxic  and  ouro-ive.  Cartridge  starting  i*  more  rxe>l]y  than 
pneumatic  starting  Cartridge**  safer  r.nd  easier  to  handle 
art*  1*  mg  develofird.  Pnsgrrsa  in  this  field  will  lx  rUmrly 
monitored. 

A  ternatmg  curren*  ehvtiic  starting  in  conjunction 
with  a  hvdriMih*  constant  -jw-d  time  *»•  ruled  out  he- 
enu***  a  40  KVA  -tarter  generator  canrvit  U*  constructed 
to  (fficNnlly  develop  the  ,*t()  hor*e|«>wer  n«ast»«d  for  • 
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rvasomible  GF<  J4C  starting  time.  A  recent  endeavor  by 
Boring  and  ociated  vendors  *o  design  an  electric  itart- 
inf  «viU*m  (or  the  Model  7^7  v-a*  ahandomd  after  the 
pmgram  had  progre-wd  well  into  dv-velopmcnt  and  tent¬ 
ing-  Electro  me*  ha  meal  integration  problem*,  cost,  and 
weight  trend*  showed  that  a  reasonable  solution  could 
not  lie  aihievcd.  Recognizing  the  ad\ antagea  of  a  aelf- 
contained  rii-*  tncal  starting  system,  Hoeing  will  monitor 
development  work  in  this  field  for  new  approaches  that 
may  show  promts  for  tlie  SST. 

A  review  of  energy  requirement*  comparing  an  im¬ 
pingement  starter  **i»  <  a  geirbox  mounted  pneumatic 
starter  shows  that  iinp.ngemcnt  starting  requires  two  to 
three  times  a*  much  energy.  General  Electric  indicated 
that  check  valves,  weight,  and  blade  problems  were  also 
asrociatrd  with  this  type  of  starting. 

Starters  utilizing  combustors  to  inmwe  tlie  available 
air  energy  were  al*o  considered.  Experience  with  this  type 
of  starting  demonstrated  that  ita  complexity  and  reliabil¬ 
ity  left  much  to  be  desired.  Since  it  was  found  that  a 
satisfactory  engine  start  could  be  obtained  with  a  simple 
pneumatic  starter  and  an  existing  ground  cart,  the  use  of 
a  combustor  was  no  longer  considered.  In  any  case,  if  an 
increase  in  energy  is  required,  the  choice  would  be  to  add 
the  combustor  to  the  existing  ground  equipment  rather 
than  to  the  airplane. 

Starting  systems  using  stored  pneumatic  energy  were 
briefly  considered.  The  storage  cylinder  would  be  roughly 
twice  the  size  and  weight  of  the  present  storage  cylinder! 
used  on  the  707*.  Tlie  birg  r  storage  cylinder  volume, 
combined  with  the  shorter  time  allowed  to  recharge  the 
bottle  during  flight,  would  griatiy  increase  the  inflight 
pumping  requirement*.  The  hip  t  onboard  air  tempera¬ 
tures  to  supply  the  compressor  r.let  air  pose  a  further 
dmign  problem. 

A  pneumatic  starter  system  using  higher  pressure  was 
considered.  Tlie  advantage  of  lighter  aircraft  eomponenta 
is  offset  by  the  requirement  for  new  and  more  costly 
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ground  starting  equipment  Croaa- star  ting  with  the  higher 
pressure  system  requires  greater  engine  power,  with  the 
resulting  objectionable  increase  in  airport  ti  /min*  I  noise. 
Should  the  starting  requirement*  of  the  ultimate  SST  fTl- 
fine  differ  appreciably  from  those  used  in  the  proposal, 
consideration  can  lie  given  to  the  higher  pressure  system. 

Hvdraulic.  d'rect-dnve  mechanical,  and  pneumatic 
constant  speed  drive  atartera  were  also  considered. 

4.3  STARTER  AND  ASSOCIATED  SYSTEM 
COMPATIBILITY 

6.3.1  COMPATIBILITY  WITH  SELECTED  ENGINE 

The  steady  state  starting  torque  characteristic*  of  the 
GE4  J4C  engine  at  three  ambient  conditions  are  shown  in 
Fig.  6-2.  The  airframe  accessory  torque  loads  (Fig.  6-3) 
reflect  the  loads  due  to  two  unloaded  hydraulic  pumps  and 
one  constant  speed  drive  with  generator  carrying  no  elec¬ 
trical  load.  The  st/.rter  torque  available  is  shown  in 
Fig.  6-4  for  four  ambient  conditions:  — 65  F.,  4  59’F., 
-4  110  F.  at  sea  level;  and  on  a  hot  day  (standard  day 
temperature  •  Cl  F.)  at  10, 000  feet  pressure  altitude. 
Fig.  6-5  shows  a  typical  performance  plot  for  the  engine- 
starter  combination  and  the  excess  torque  available  for 
accelerating  the  engine  rotor  and  airframe  accessories,  ua- 
either  two  ground  carts  or  a  single  ground  curt.  Per¬ 
formance  of  typical  ground  carta  supplying  the  air  energy 
to  the  starter  is  showm  in  Fig.  6-6.  The  performance  fig¬ 
ures  include  temperature  and  pressure  losses  in  the  air¬ 
plane  ducting.  F»g.  6-7  shows  the  starting  time  as  a  func¬ 
tion  of  engine  HPM  for  the  four  ambient  conditions  under 
considers t ion.  Fig.  6-6  is  a  cross- plot  of  these  data  and 
shows  directly  the  effect  of  ambient  temperature  on  start¬ 
ing  time.  A  point  representing  starting  time  at  10,000  feet 
altitude  on  a  hot  day  is  also  shown  on  the  plot 

6.3.2  COMPATIBILITY  WITH  GROUND 
EQUIPMENT 

Starting  may  be  accomplished  by  using  the  output  from  a 
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single  ground  cart,  from  two  ground  carta,  or  by  croaa 
starting  from  an  operating  engine.  Airline  ground  carta  of 
the  t v|«c  now  in  existence  can  he  used. 

Tlie  engines  may  lie  started  hy  using  the  ovtput 
equivalent  of  two  ground  carta.  Thu.  will  result  in  an  en¬ 
gine  start  in  76  seconds  on  a  standard  day,  which  is  well 
within  the  RFP  requirement  and  conqxarahle  to  prevent 
day  jet  aircraft  starting  time. 

Sucus-ding  engine  may  each  be  started  in  the  36 
Mssind  time  |w  nod  by  lontmumg  to  use  the  ground  equip¬ 
ment  or  by  cn>ss  starting  from  an  operating  engine  CrtM 
starting  is  accomplish^!  by  si  tting  the  engine  RPM  he- 
tween  75  nnd  hO  percent  depending  upon  the  starting  time 
desired  and  permissible  noise  leveL 

Tlie  engines  may  he  started  u*“ing  a  single  ground 
cart.  Ir.  this  case  starling  time  will  lie  70  seconds  on  a 
standard  day.  V*'  th  one  engine  ‘■Uirtod.  cash  succeeding 
engine  ran  be  cross  started  in  .76  second**.  The  resulting 
total  starting  time  for  all  four  engines  will  be  approxi¬ 
mately  three  minutea. 
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Within  ■  five  year  prfiod,  improvement  of  eiisting 
ground  equipment  will  result  in  *  15  to  20  percent  in* 
cr vase  in  power  available  from  a  single  ground  cart.  Thia 
increa.se  will  further  improve  the  engine  *  tart  mg  time. 


4.4  RILIABIUTY  AND  SAFfTY 

The  probability  of  succe^fully  *  tar  ting  all  four  engines  is 
1*9.81  percent,  taking  into  account  ill  components  of  the 
system  dirts  tly  related  to  starting — *  fasten,  regulating 
valves,  rherk  valves,  and  electrical  switch**.  The  regulate 
ing  valve  Ls  provided  willi  means  to  operate  the  valve  ma- 
chiinicallv  if  it  kliould  fail  to  operate  eltvtrirally;  thia  fen* 
ture  is  inc  luded  in  the  reliability  analysis.  A  detailed  analy¬ 
sis  of  the  starting  system  reliability  ia  given  in  Sertiot  9 
of  this  volume. 

Boring  has  worked  closely  with  manufacturer!  of 
starting  equipment  to  improve  the  level  of  safety.  The 
starter  incorporates  a  cutout  speed  (overspend )  switch 
which  will  normally  cause  the  starter  valve  to  dose  in 
order  to  complete  the  starting  cycle.  However,  in  case  of 
a  malfunction  whii  h  would  allow  the  starter  to  ove mpeed, 
the  ft  PM  will  lie  limited  to  a  value  It*?*  than  that  cauf’ng 
blade  failure  by  the  aerodynamic  design  of  the  atari*  r 
impeller.  If  for  any  reason  the  blades  should  separate  from 
the  huh,  they  will  lie  contained  within  the  starter  acroCL 
In  ndditio.i,  a  failed  huh  is  contained  within  the  scroll 
up  to  the  maximum  cutout  speed.  These  containment  lm- 
tur(*s  provide  a  high  level  of  aafety. 
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7.0  FUEL  SYSTEM  (StFP  3.2.9.41 
7.1  OoKrlptlan 

Fig.  71  shown  the  system  M'hrmatK'  of  the  principal  com¬ 
ponent*  of  the  fuel  system  lliat  perform  engine  fetd, 
pn-v-ure  fueling,  dumping,  and  deluding. 

Fuel  i*  stored  in  four  main  lunks  and  two  uuxilmry 
tanks,  oik*  in  each  movable  wing  Nation.  The  fuel  re¬ 
serve  is  equally  distnlnited  between  (he  four  nunn  tanka. 
Kat  h  nunn  tank  feeds  directly  to  its  engine,  a  cross-feed 
manifold  permits  fuel  to  be  delivered  from  any  lank  to 
any  engine  or  combination  of  '•igmeH.  The  auxiliary 
fuel  is  b-d  to  the  eross-ftvd  manifold  at  pressure  above 
the  “no-flaw”  value  of  the  main  tank  pumps.  Hiia  ar¬ 
rangement  provider,  automatic  backup  of  auxiliary  tanka 
with  the  mam  tanka  and  uninterrupted  flow  on  auxiliary 
fuel  run-out. 

A  combination  of  thermal  insulation,  wheduled  fuel 
usage,  and  natural  oxygen  depletion  through  on  open- 
vent  system  eliminate*  coking  and  the  formation  of  tank 
dejKiMLs.  The  need  for  inerting  and  purging  is  avoided 
by  locating  tanks  in  cooler  portions  of  the  airplane  and 
by  placing  vent  exit*  to  avoid  full  stagnation  tempera¬ 
ture*.  Transient  overshoot*  to  M*rh  2.9  will  not  be 
hazardous. 

The  fuel  system  nnd  ila  components  are  designed  to 
ope-rnte  satisfactorily  under  nil  condition*  within  the 
operating  envelope  of  the  airplane,  considering  the  ef¬ 
fects  of  nondynamic  heating,  insulation,  nnd  location  in 
the  airplane.  The  system  is  designs!  to  operate  with 
commercial  kerosene  nt  furl  temjMrnturvs  from  -fvVF 
to  170‘F  in  the  tanks  nnd  up  to  2WF  at  the  engine 
inlet.  However,  (he  fuel  temperature  must  not  1*  lens 
than  10  F  above  its  freeze  point. 

All  furl  system  components  are  ex  plosion  proof  nnd 
designed  to  limit  maximum  temperatures  to  a  safe  level 
during  normal  nnd  failure  condition*. 


7.2  Fual  Manogamant  and  C«nttr-*f* 
Gravity  Control 

The  movable  wings  in  con  junction  with  the  systara  at 
fuel  management  and  center -of  gravity  control  giv*  tha 
Boring  SST  configuration  (be  ability  to  mmimixt  trim 
drag  by  maintaining  the  renter  of  gravity  near  iU  oft 
limit  during  supersonic  flight.  The  ten ter -e.f- gravity  po¬ 
sition  is  in  untamed  without  sf***  ud  fud  n»anafanent  or 
bid  transfer.  Fuel  tanks  are  balanced  about  the  ctnUr 
of  gravity  and  furl  is  fed  from  them  in  »uch  a  way  that 
a  minimum  amount  of  attention  from  the  (Tew  i*  required 
during  normal  operation. 
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The  simplicity  of  the  system  permits  the  flight  engineer 
to  manually  control  the  system  without  the  use  of  com¬ 
pute  rs  or  excessive  switching. 

The  sequence  in  whic  h  fuel  is  drawn  from  the  tanka 
is  follows:  (1)  during  takeoff  and  early  climb  each 
nmn  lank  feeds  fuel  directly  to  its  engine.  (2)  during 
dimh  nnd  early  cruise*  the  auxiliary'  tanks  feed  fud  di¬ 
ns  tlv  to  numlrr  3  and  4  engines,  nnd  (3)  when  the 
auxiliary  tanks  are  empty,  the  main  tanks  frsd  fud  to 
engines  so  that  the  Inter  cruise,  de-ernt,  and  landing  are 
|>rrfi>rmrd  using  fuel  directly  from  the  mam  tank  to 
engine. 

Been  use  of  the  higher  heating  rate  in  the  auxiliary 
tanks,  this  fuel  is  used  rirh  in  the  flight  to  obtain  maxi¬ 
mum  use  of  the*  main  fuel  Mipplv  as  a  heat  sink  for  cool¬ 
ing  n.rplnnc  systems  ^ui  h  ns  n,r  conditioning,  electrical 
power,  and  hydraulic  xystemx. 
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7  2  2  CENTER  Of  GRAVITY  CONTROL 
IRff  3.3.9.4W 

Center  of  gravity  travrl  o I  the  aircraft  caused  by  fud 
uaxgr  during  «mr  typical  mission!  ia  ahown  on  Pig.  7-2 
and  Fig.  7-1 

In  the  event  of  a  failure  of  an  engine  or  an  extended 
period  of  uneven  furl  enn-umption.  the  center  of  gravity 
can  he  easily  controlled  by  the  flight  engineer,  uaing  the 
crows-fied  manifold  and  tank  gayea  or  fuel -consumed 
flowmeter*  to  maintain  specified  ratio*  of  fuel  in  the  tanka, 
aimilar  to  current  Muilel  7U7  operation*. 

During  dumping  operation-  the  rates  from  each  tank 
are  proportioned  to  provide  automatic  control  of  center 
of  gravity  a  i thin  the  design  limit!. 

7.3  fuel  Tanka  (RTF  3. 3. *4.(1 
7.3.1  DESCRPTION 

Structural  cavities  within  the  airplane  body,  inner  wing, 
movable  wing  and  wing  center  taction  are  used  to  bold 
fuel,  as  shown  on  Fig.  7-4.  Fuel  capacity  will  lie  235,840 
pounds  (35,200  U.S.  gallons)  of  commercial  aviation  kero 
aene.  The  tank  furl  ca,iacitira  in  U.S.  gallon!  !ra: 


Main  Na  I  8800 

Main  No.  2  8800 

Main  Na  3  4250 

Main  Na  4  4250 


Left  Hand  Auxiliary  4550 
Right  Hand  Auxiliary  4550 

An  ex  pan-inn  spate  uf  at  least  3  percent  of  the  fuel 
volume  is  providi-d  in  each  tank. 

Manual  sump  drain  vnlvra,  installed  at  tl«r  low  point 
of  each  tank,  allow  removal  ul  water  and  sediment  or 
complete  drainage  of  the  tank.  The  auxiliary  tanka,  which 
will  lie  emptied  in  normid  nja-rutiiins,  drain  directly  to 
the  pumps  to  minimi  •  puddlis  which  may  boil  off. 
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CENTER  OF  GRAVITY  (5  MAC) 
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Insulation  in  the  form  of  air  apart  of  1.25  to  3  inrhn* 
between  the  outside  hktn  and  the  tank  surface  vaifti  in 
keeping  fuel  U-nijM-rnturm  within  accepts  hie  limit*.  E ab- 
male*  of  Lank  tefnfwrature  are  given  in  Par.  7.10. 


7.3  2  FUEL  CEUS  AND  METHODS  OP 

SEALING  (RFP  7  77  7,  and  3.3.15.9 

The  auxiliary  fuel  lank*  lie  between  the  front  and  rear 
wing  span  divided  by  wing  riba.  Flow  passage*  and 
limlier  liolea  through  the  M rue  lurid  nba  allow  passagi 
of  fuel  and  air  and  minimire  unusable  fuel.  A  fud  vent 
surge  tank  cor«|M»rtmcnt  located  oulUxird  of  the  wing 
fuel  compartment  avoids  external  spillage  during 
maneuvers. 

The  fud  in  the  inner  wing,  center  section,  and  body 
in  divided  into  four  main  tanks.  Each  main  tank  supplies 
fuel  to  one  engine  under  all  operating  temperatures,  atti 
tudna,  and  flow  rates. 

Primary  structural  bulkheads  are  uvd  to  compart¬ 
ment  tie.1  main  tanka  into  cells.  Tins  lielps  to  avoid  the 
undi-'ii.iMe  cfTtsta  of  fuel  slotting  (center  of  gravity 
travel  and  fud  heads)  caused  hv  longitudinal  acclera- 
tion.H  during  flight  maneuvers.  The  fvn-l  tanka  are  de¬ 
signed  to  withstand  survivnble  crash  lo..d*  without  ma¬ 
ture.  The  configuration  of  the  airplane  is  such  that 
w h«s  N  up  landings  will  not  scrape  the  fuselage  surround¬ 
ing  the  fin*!  n  ils.  The  contact  areas  are  propulsion  poda, 
main  gear  pods  and  the  lower  section  of  the  ventral  fin 
or  niN*.  The  lower  surfaces  of  the  body  and  inner  wing 
are  at«n  deigned  to  avoid  rupturing  the  fud  cells  in  • 
water  ditching. 

Tlie  inner  wing  and  center  section  fud  cells  atv  of 
semi-bladder  integral  construction,  using  lower  and  upper 
surface  liners  sealed  to  the  structure  hv  mechanical  srala 


and  integral  tank  sealants  (Fig.  7-5).  The  liners  are  teflon- 
awited.  For  auxiliary  tanks,  tlie  same  methods  of  'eating 
are  u-xd  on  the  lower  surfair.  Spars,  rile,  and  the  up|MT 
wmg  (Mind  form  tlie  remainder  of  the  fuel  hamer.  The 
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ALTITUDE  1000  FT.  ANO  ^  (FUEL  FLO*)  1000  LBV’H* 


DISCHARGE  FLOW  -  1000  IB/HR 
Booii  Pm"*  Pt’lanman 
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7.3.3  COM  REMOVAL  Itff  3  J.t  4«  and 
3.19.44 

A  combination  of  (hrmu)  ireulatior ,  scheduled  fud  usage, 
and  natural  oxygen  drpldion  prevent*  the  formation  of 
coke  in  thr  fud  Lanka,  thereby  diminating  the  require¬ 
ment  for  coke  removal.  A  complete  discus* ion  of  thia 
subject  ia  presented  in  Par.  7.10. 

7.4  Engine  Reed  System 

The  engine  feed  nystem  consist*  of  one  main  tank  per 
engine,  conru*  ted  directly  to  the  engine  it  arrve*.  A  croaa- 
feed  manifold  permit*  any  tank  to  feed  any  engine  or 
combination  of  engine*. 

Tl>e  two  wing  auxiliary  tanks  connect  to  the  croaa- 
ferd  manifold  to  deliver  fuel  to  the  Married  engine*.  Each 
tank  contains  two  electrically  driven  centrifugal  pumpa, 
nth  capable  of  providing  the  furl  flow  and  pressure  re- 
quirrd  by  the  engine.  TIm?  auxiliary  tank  pump  character¬ 
istic*  are  such  that  they  will  override  the  main  tank 
pumpa  and  supply  fuel  to  the  selected  engine*.  The  main 
tank  pumn*  serve  a*  a  backup  during  auxiliary  tank  usage 
to  provide  uninterrupted  supply  of  fuel  when  the  auxili¬ 
ary  tank*  are  depleted.  Engine  fuel  requirement*  and 
airplane  pump  characteristic*  are  shown  in  Fig.  7-fi  and 
Fig.  7-7.  Overall  system  characteristic*  using  -  35  F. 
kerosene  are  given  in  Fig.  7-d.  Thus  low  temperature  cau*<** 
a  maximum  pressure  drop  because  of  high  viscosity. 

All  boost  pumpa  are  readily  removable  through  a 
boost  pump  dry  bay  without  draining  and  entering  the 
tank*  (Fig.  7-9). 

With  all  boost  pumps  inoperative  and  fuel  tempera- 
lure  at  125  F,  the  pressure  n(  the  engine  pump  inlet  will 
be  at  least  5  p*»i  nlxne  the  true  vn|>or  pressure  at  maxi¬ 
mum  augmented  power  up  to  NKXJ  feet  Altitude  At  maxi¬ 
mum  dry  |wmcr  flow  the  inlet  pressure  will  not  be  lesa 
tluin  the  true  vapor  pn*s'ure  of  the  fuel  throughout  the 
entire  oivrnting  en\elo|»e  of  the  airplane. 

Component*  are  airungid  with  enough  redundancy 


mo  that  a  tingle  funcUuud  failure  will  not  cotnprormaa 
the  fuel  *y*U*m  operation. 

Thr  lysUtn  ojm  rate*  on  commercial  aviation  k*re 
arne  but  ia  compatible  with  ail  commercially  available 
jet  fuda. 

The  fuel  f«*d  line  for  each  auxiliary  tank  al*o  aervm 
as  the  refud  and  dump  line.  The  auxiliary  tank  fuel  lint 
ha*  a  high  temperature  hose  running  through  the  centar 
of  the  wing  pivot  Little  deflation  u  required  to  accom¬ 
modate  wing  sweep  (Fig.  7-10). 

Except  for  coarse  sc. ecus  at  the  boost  pump  inleta 
there  are  tv.  filters  between  U*e  tank  and  engine  fuel  in¬ 
let  in  ordrr  to  avoid  blockage  from  ice  or  other  contami¬ 
nant*.  The  primary  fuel  filtration  ia  accomplished 

by  a  filter  in  the  engine  fud  ay«U-_ 

A  fud  deicing  system  is  not  required  because  the 
heat  load  from  air  conditioning,  hydraulic,  and  electrical 
system  lieat  exchanger*  keep*  tlie  fud  at  tempera turaa 
adequate  to  prevent  icing  for  all  operating  condition*. 

7.S  Rtfuab  Dafutl,  ond  Dump  System 
7.5.1  REFUEUNO 

Tin*  system  deliver*  a  minimum  of  1(100  gallons  per  minuU 
with  .7)  psi  at  tlie  noiiles.  A  single  manifold,  common  to 
the  furl  dumping  system,  i*  used  to  service  all  tanka.  A 
single  level  control  vclve,  hydraulically  ojieraUd  by  a  float 
pilot  valve,  is  located  in  cmh  tank.  Automatic  ahuteff  will 
occur  nt  the  100  percent  fuel  volume  level.  Electric  furl¬ 
ing  selector  valves  will  control  flow  to  each  tank  for  par¬ 
tial  or  self* live  fueling.  The  refuel  switch  will  al*u  open 
nnd  rlit'e  (he  dump  self*  tor  vnbe  for  the  auxiliary  tanka. 
Controlled  valve  clo-ure  rate  will  prevent  any  damaging 
surges.  Since  the  fueling  rates  are  within  the  limit*  used 
on  present  airplanes,  hnrardous  fuel  electrification  will  be 
avoided. 

An  illuminated  n  fueling  station  i*  hx*l<*  on  each 
ante  of  tin*  body  near  the  inner  wing.  The  control  pand 
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is  located  in  the  refueling  station  on  the  right  hand  aid* 
only. 

Two  refueling  adapters  with  caps  are  installed  at 
each  servicing  station.  These  adapters  mate  with 
MS29520  nozzlta. 

The  right  hand  station  include*  the  following  equip¬ 
ment:  (1)  panel  with  fuel  quantity  gage*  and  push-to- 
test  system,  (2)  electric  switch  for  start  and -atop  refuel¬ 
ing  for  each  tank,  and  (3)  fueling  power  switch.  The 
refueling  station  door  is  designed  so  that  .1  c-.nnot  be 
clotted  when  any  tank  selector  switch  is  in  the  open 
position.  ’ 

Special  check  valves  provide  line  drainage  into  a  main 
tank  to  reduce  the  quantity  of  unusable  fueL 

Protection  of  tank  structure  is  accomplished  by  ail¬ 
ing  the  vents  to  receive  the  resultant  flow  of  the  refuel¬ 
ing  system  in  the  event  of  a  level  control  valve  failure. 
Orifior*  are  installed  in  the  fuel  plumbing  for  each  t..nk 
to  restrict  the  flow  to  the  design  value  and  to  provide 
balanced  rates  to  each  tank  for  minimum  overall  fueling 
time. 

7.5.1  DEFUEUNO 

For  defueling.  the  engine  feed  boost  pumpa  discharge  the 
fuel  through  the  prr-.*ure-fucling  adapter*.  Pt-fucling  rate 
is  approximately  200  gallons  per  minute  prr  tank  with 
boost  pumps  operating.  By  opening  the  electric  tank 
dump  val-ea  the  tanka  may  be  deluded  to  the  dump 
reserve  level 

A  manual  valve  between  the  engine  croas-feed  system 
and  the  pressure  furling  manifold  permits  complete  defuel¬ 
ing.  IhLs  valve  is  accrssibli  from  outside  the  airplane  and 
is  designed  so  that  the  acn-ss  door  cannot  he  closed  with 
the  valve  in  the  open  position.  Fuel  mnv  be  pumped, or 
remove*!  by  ground  equipment  suction,  down  to  the  un¬ 
usable  volume  by  opening  the  manual  valve  and  crosw- 
feed  \alve  for  the  tank  or  tanks  to  lx*  M*niml.  Fuel  may 
also  he  transferred  between  tanks  on  the  ground  by  use 
of  the  defuel  and  the  pressure  fueling  system. 


7.5.3  FUR  DUMPING 

Engine  feed  Uxwt  pump*,  are  used  to  dump  fuel  over¬ 
board  through  a  filed  nozzle  located  in  the  budy  tad 
cone  of  tlie  mrpLnr.  A  priority  valve  in  each  main  tank 
between  the  f<*ed  s> stein  and  (lie  dump  system  erumrea 
the  requir'd  flow  of  fuel  and  pressure  to  the  engines 
under  all  ojierutin;  conditions.  A  “jet  pilot"  system  for 
the  priority  valve  autom-itically  shuts  off  the  fuel  flow 
from  eat  h  main  lank  U  fore  the  ('AH  4b  reserve  level 
is  remind.  'Die  fuel  in  tlx.*  auxiliary  tanks  may  be  com¬ 
pletely  dumjxd  Dumping  from  seWted  tanka  is  con¬ 
trolled  by  the  flight  engintvr  by  use  of  >:idividuaj  control 
switcher.  Two  pamlM  line  valves  electrically  operated  and 
located  in  the  manifold  near  the  aft  end  of  the  body 
ensure  dumping  capability  (Fig.  7-1).  The  control  pand, 
located  at  tlx*  Might  engineers  station,  has  switches  and 
in-transit  lights  for  each  tank  and  each  nozzle  valve.  The 
panel  has  an  acres*  door  which  cannot  be  closed  unlcN 
all  switches  are  in  the  closed  position  (Fig.  7-11). 

The  complete  system  dump  rate  is  6200  pounds  per 
minute,  which  is  in  excess  of  the  -4 300  pounds  per  minute 
n*quind  by  CAR  4b. 

7.6  Venting  (RFP  1.1.9.441 

Tlx*  vent  s\»>lrm  is  unpres>uri/cd  and  uww  oprn  tank 
pirt.s  and  exits.  The  Udy  tank  system  i*  manifolded 
and  u^s  a  single  vent  exit  in  the  aft  body  Each  wing 
tank  i  vented  separately  and  has  its  exit  on  the  under 
surface  of  the  outl»oard  wing.  A  schematic  of  a  typical 
body  tank  vent  system  is  shown  in  Fig.  7-12. 

Sinct*  the  system  requires  no  inerting,  t!*e  vent  out¬ 
lets  operate  at  ambient  or  slightly  negative  pressure. 
Kvapurrtion  or  twn1-«»fT  is  not  a  problem  with  commercial 
kcmse.ie  lasaiw  fuel  heating  »  *'onlroltcd  by  insula¬ 
tion  and  pro|*T  M«|u<-nce  of  fuel  u^gc.  Tlx*  outlet*  are 
n l^-o  design'd  to  l»e  ne-free.  Tank  cvIhs  are  vented  and 
drain'd  ovrrUmrd.  The  siunr  pressures  fur  the  cavitiee 
art  tailor'd  to  maUh,  or  I**  l*iow,  *lx  tank  pressure. 
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A  vurge  lank  i«  located  near  curb  outlet  to  prcvmt 
spillage  overhmrd  during  maneuver*.  Fuel  colh'ctod  ?n 
the  surge  tank  drain*  into  an  Adjacent  tank.  A  min-mum 
of  thru*  percent  air  ^mut  h  j  rmid*d  for  ench  tank. 


The  vent  ttyitun  i  Urge  enough  to  prevent  pwifl 
in  any  tarl.  from  exotding  the  structural  design  limit* 
under  the  following  10  ditions  of  ope-Uion:  (I)  fa  dura 
of  a  pressure  fueling  lew  I  n  Tirol  vtl‘<v  at  the  maitmun 
refueling  rate,  (2)  minimum  emergency  docent  with 
Links  empty,  and  (3)  maximum  rates  of  t  jnb  under  all 
operating  londition*.  Failure  of  a  levd  control  valve  it 
the  condition  which  airea  the  wnt  linea. 

7.7  Plumbing  and  Fitting# 

All  plumbing  is  located  a*  dose  to  tlie  neutral  axia  as 
pov-ible.  WlM-re  tins  i>  not  feasible,  tubing  i*  designed 
to  accommodate  length  changes  through  bend*  and  Ara¬ 
ble  couplings  (axial  and  angular).  Teflon-lined  cUmpa  art 
used  lasause  of  their  long  lif  ond  n  allow  tube  move¬ 
ment.  Where  no  tulc  movement  i*  present,  rigid  coup¬ 
lings,  using  multiUdt,  svjgtd  t  ■  c  flftn*'»,a  are  uaed.  AD 
tulw*  hrnrketrv  m  adju'd.dde  to  fmi'itale  tu«ie  inatnlla- 
tm ns.  All  tuhing  insLdlat ions  me  o«*s<gnod  to  mini  ura 
time  f  -r  replacement.  No  tubing  is  welded  in  place  or 
*wng<d  in  die  ni» plane  The  major  portion  of  the  tuhing 
is  nulls!  inside  of  tnnl  s.  ns  is  done  on  all  Boeing  )rta* 
in  »rd«r  *.»  minimize  external  leakage  and  reduce  main¬ 
tenance  Fig.  7-13  illustrates  the  typical  fuel  ayaton 
filling*. 

Tubing  within  the  tanks  will  be  fabricated  fr«»ro  nlu- 
minum  alloy.  Firepmnf  tubing  will  1c  used  in  designated 
fin1  7«>iu-s  or  where  ambie  .t  hent  would  reduce  the 
strength  of  aluminum.  Fire-resistant  hose  assemblic*  and 
shrouds  will  lie  used  where  neecrsary. 

7.S  Initrcmanfaflon  CRFP  3.3.1 1.JI 

Fuel  system  instrumentation  :*  located  in  threr  place*  on 
the  airplane:  \\)  flight  engu  -or’*  station,  (2)  pilot*’  c«»- 
ter  (vinel,  and  (3)  fueling  station. 

711  FLIGHT  ENGINEER'S  STATION 

Four  categories  of  fn«!  system  instrumentation  arc  uaed 
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at  the  flight  engineer’*  station  (1)  engine  fc*4  feed, 
(2)  fuel  temperature,  (3)  fuel  consumed,  and  II)  fuel 
dumping 

The  annngrment  of  the  fud-fwd  pone!  simulate*  the 
functional  arrangement  of  component*  l**»ng  monitored, 
making  it  may  to  c Swerve*  and  control  the  xyst4*m  and 
minimising  the  probability  of  crew  error.  Similarly,  switch 
action  and  layout  correspond  to  fuel  flow  direction.  The 
panel  is  a  straightforward  schematic  of  t*>#  operation  of 
the  system  rather  than  it*  physical  layout 

On  the  engine  fuel  feed  panel  (Fin  7-14)  six  quantity 
indicator*  with  a  push  to- test  system  indicate  the  fuel 
quantity  in  |N>und*  nmimins  for  rath  main  and  auxiliary 
fuel  tank.  A  toggle  switch  for  each  boost  pump  tuma 
the  pump  on  and  off,  and  low  pressure  light*  allow  each 
to  hr  monitonsl  for  minimum  navuns.  Four  link  toggle 
switihes  Ofvrmte  tlw*  four  engine  shutoff  valves  nnd  four 
rotary  switches  operate  the  four  cross-bed  valves.  Hath 


valve  switch  *  ill  have  an  in transit  light  foe  monitoring 
valve  actuation 

A  fuel  temperature  syVem  of  four  indicator*  ahowi 
temperature  at  each  engine  furl  inlet,  a  aa^ertor  switch 
allows  individual  fuel  tank  temperature  to  lie  drtrrminad. 

The  panel  contains  r  fuel  (tmsumrd  flowmeter  for 
each  engine  and  a  total  fuel  tank  quantity  gaga. 

On  the  fuel  dump  panel  (Fig.  7-11),  fuel  tank  m- 
lertor  toggle  h«*s  for  eaih  mam  and  auxiliary  tank 
will  open  valves  for  Humping  from  m  Us  ti-d  tank*.  ToggW 
nwitches  a!-i  control  tin*  two  dump  noule  valve*.  The  panaf 
h  is  in  transit  lights  for  euch  valve  and  markings  to  show 
line  arrangements.  The  fuel  quantity  gage  and  tank  m- 
lector  valve  may  be  used  as  a  backup  method  of  had 
cut off. 

7.8.2  PILOTS'  CENTE1  PAN®. 

The  center  pa  nr  1  has  four  engine  fuel  flow  rate  indicators 
reading  mass  flow  in  pounds  per  hour. 

7  13  FUELING  STATION 

The  left  hand  fueling  station  ha*  two  single  point  iw* 
crptaile*  with  rap\  two  ground  jack*,  and  illumination. 
Tin*  right  hand  Nation  contains  two  single  point  rtcvpU- 
i  lev,  control,  i'l umin.it ion,  and  fuel  quantity  gage*  a*  shown 
in  Fig  7  !5>.  There  nrr  six  quantity  gage*,  one  for  aadi 
tank,  sit  shutoff  valve  switches,  and  six  intmnwt  light*. 
There  is  a  fm  I  Link  quantity  gage  test  switch  and  a  power 
switch  for  the  g.igi-s  and  the  station  light.  Drip  stick*  am 
also  insLiKcd  in  each  tank  to  provide  a  supplementary 
mean*  of  cheeking  fuel  quantity. 

7.9  Inarfinn  (tfP  3.2.9.441 

I  mi  ling  of  fuil  lank  and  ravitv  arms  i«  not  required. 
Fxt endive  t<-t  data  have  bin  accumulated  which  show 
tluit  the  sells  ted  system  configuration,  cniw  speed,  and 
altitude  eliminate  the  maxi  for  inerting. 
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Thr  rrliitMW'hip  of  fluloignit  n»n  If  m[*  rnlurr*  of 
furl  mr  mixture  to  pre-^urr  n!l it u«l«*.  n.ution  pro** 
sure*.  nml  re*** id*  n't*  lim»*  /it  th«~*r  l*  rnj*  rnturr**  i-  'houn 
m  Fig.  7  l*v  Thi*  plot  i*  Uhi)  u|»>n  thr  mod  o»iw  rv/itivr 
el.it i  from  nvrr  tli.-m  -1 ).(■■)  -wj unite*  leMs  fondo*  Ini  l>\ 
Ruing.  With  /in  (irnl)M  fit  \*nt,  ine  rvA  mg  nlhtudr  fir 
en  iH-  the*  pn-Miri*  of  thr  fori  nir  mixlurr  nnd  hrnrr 
m«  mw-*  the*  trm|M-r:iturr  nt  whnh  the*  **x-tem  v% ill  oprr- 
ntr  with  no  rr  tion. 

(’i .limit  ition*  of  MirfiiiT  jin«l  xnpnr  trmj*  i;ihir»-  of 
(ink',  n n«l  other  e  i\iti«^  w|»*r*-  i omhud .Mr  \ .* rrvn 
rxi't  show  th/it  tlx*  trinjuTnturr^  will  n|w<*\<*  l>r  Im  low 


h.i/.itefou*-  IrxrU  for  mrplanr  ii|*mU»n  within  thr  pro* 
I n .  I  «nx'lo|«*,  inducing  tr.ini*nt  ovirvhoit*  to  Mach 
?  **  hip  7  17  show*  tl*  o.niputrd  tiitijrialuns  for  Mach 
?  7  emw  i»nd  ff«*r  l»ith  norm.il  nod  rmrrpnrv  dcMmta. 
Tlir  % ;i | » »r  !•  rn|«f  mturr  shown  i*  lluit  of  '’«r  air  ratmn| 
n  wmp  t.mk  \»nt  \  rnt  Air  i*  uhlninexj  fn*m  thr  loundary 
|ei\fi  ndj.iunt  to  tlx*  *kjn  find  thu*-  i*  rl*»*x*  to  skin  te*n- 
iwrntoM^  Thr  stnie  to  mi!  lrm|*  ruturr  shr*n  i«  of  thr 
IimI'/'I  ‘pel  withm  thr  \Ajw»r  npi  »n*  Tin-  hottest  surface 
urn*  during  de^e.vt  w  ill  inili.dlx  Ir*  tho***  nrar  thr  skin 
arid  then  will  Inirder  t.e  thr  niiel|»>mt  <if  dnntural  mrm- 
l»  r>,  sue  h  a*  tl>r  fn*nt  ‘jur,  in  tlx  lntler  »Ups  of  drsertiL 


Tilling  of  vent  mg  during  decent  is  current! ,  u/xk 
»a V  «‘t  Boeing  Hot  air.  programmed  at  50 ‘F  highr  than 
ralfulated  u  r.ija  rnture  f  *r  auw-natism  and  flow  ntea  to 
simulate  emergency  dewvnt  from  Math  2.7.  has  b  *en  in¬ 
troduc'd  into  a  heated  foi  l  tank  after  a  simulated  mission. 
For  further  conservatism,  the  tank  is  maintained  at  cmiac 
li*m}iernture  during  dwrrnt.  Tank  pressures  are  pro¬ 
grammed  to  simulate  an  of**n  vent  tyatcm.  No  reaction 
has  ocrurn'd  in  three  runa. 

7.9.1  EXPIOSION  PROOFING 
fRFP  2  22  1,  3.2.15.41 

Although  the  amlm-nt  temjieratun^  are  higher  in  auper* 
•onic  flight,  prewrit  d.»>  explosion  pniofing  techniques  af* 
adequate  and  inerting  will  not  \rt  required  for  this  pur- 
ponr.  Tl*e  most  cntnal  condition  ixtun.  in  the  dc-ugn  of 
b»*)st  punijiH  w here  jMssages  connect  the  motor  com¬ 
partment  and  tank  for  cooling  and  lubrication.  Fig.  7-18 
shows  1 1>c*  results  of  a  Boeing  t<*st  vtio  to  determine  the 
adequat  v  of  flame  nrnMera  at  elcv.U-d  tem|»enitum»  and 
sea  level  pr»*sMir»*.  As  allow n,  flam**  arrestor  ai/es  may  be 
selected  whnh  will  prohibit  transfer  of  an  explosion,  up 
U>  the  s|ntntin#sius  ignition  temperature  of  the  fm*!  va¬ 
pors  ( approx  imilely  4  U)  F  at  mu  level).  As  previously 
shown  on  Fig.  7  17,  vn|M>r  and  surface  temperature*  in 
the  foi  l  equipment  area  nlwr.y*  remain  N  low  tl»e  spon* 
tnneou*  ignition  It  mja  rat  ore  for  all  condition*  of  njirra- 
t«>n.  Tlier mil  pn#l*s  live  dev  a  i**  an*  mcoq  ■•ratal  on  rquip- 
mcnt  where  surfaie  teni|M  rn  lures  may  eined  upon  timeout 
tgmt  ton  levels  due  to  a  malfunctiui. 

7.10  Fu«l  Chorocterittlct 
(RFP  2.17,  3  2.9.4«) 

The  fu«l  »>*tem  i*  nuiqvitihle  with  romren ml  aviation 
keroM-ne,  jet  fin  h.  and  foricn*t  improvement*  in  kerosene*. 

The  engines  propo-el  for  the  S*>T  program  rtquire 
fuel  of  dighllv  greater  tl  crmul  *t.il»ilit\  than  that  of 
some  ammnrti.il  aviation  kerosenes  Advantage  »*  taken 
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of  I  hi*,  nml  for  the  better  commercial  kerosene*  to  maV* 
u>e  of  l hr  fuel  •<*  a  heat  Mink  for  the  aircraft  »)>tmm. 
Certain  i'S  refinerim  are  pn^*ntly  delivering  the  higher 
nUhlily  kno-ane  at  no  imn-aM*  in  co*t.  It  u  reaMinahi* 
to  expect  thil  th  *  fuel  can  L  generally  available  before 
tlie  SST  opiTation.il  pmodL 

Te*t  work  ha*  -Inmn  that  a  reduction  in  the  oxvfen 
content  of  the  fui*l  efTta  lively  reduct*  the  amount  of  de¬ 
posit*  collected  on  m  rr*rnH  or  pbit*  I  out  on  heat  exchanger 
tula***.  Information  from  T7ie  Philli|*i  Petroleum  Com¬ 
pany  and  The  Tvtaoi  Com^iny  on  the  corn-bit  ion  al 
oxygen  content  with  thermal  Mtability  U  plotted  in  Fig. 
7-19  and  Fig.  7-20.  With  an  oja-n  vent  »>>tern  »hich 
maintain*  the  vapor  Kpnoe  pressure  at  ambient,  the 
oxygen  in  the  fud  will  U*  renvived  by  the  dterre**  in 
vent  pressure  during  climb  a*  *bo>vn  in  Fig.  7-21  -  A 
comparison  of  these  figure*  show*  that  the  fud  ox\  gen 
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content  hn*  lm-n  -ufh«  lenlls  reduc'd  r..rlv  in  crui«*  to 
»ru  re »**•  tla*  thirml  *-1  il  ilit\  level  l»v  approximately 
U'W)  F  llii'*  f  uti.r.  in  « i*npim  turn  with  imprmid  fuel 
thfrrn.il  mIhIhIiIv.  eriMin-*  minimum  engine  maintenance 
niu^d  b>  tl*  rrn.il  degradation  of  fud. 
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7.10.1  COKI  ftFVENTION 

IVw’ing  t/>L*  I Ri-(  4)  hn\r  »h<mn  that  thr  forr».-tion 
of  rokr  in  the  furl  tank*  inn  !■*  privi-nti-d  l»y  •  r*»m- 
hmMion  of  thermal  protection.  look  mating  nwtrnal, 
and  furl  managi  um  nt  In  miordamr  *ilh  thi-e  ri^utK 
douMr  Mal1r<l  tank*  xith  I#  Ann  intrm.il  bottom  editing* 
arr  u*^*d  *hrrr  riijuinii.  Thr  furl  management  pri* edure 
u***c  the  total  mm  able  viinj,  tmk  furl  approximately  onr 
hour  Irforr  thr  end  of  »rui«*  T)ie  main  tank*  in  tlx*  ImHy 
retain  the  n-^  ru  and  furl  for  dm'nit  and  end  of  cnji*e. 
With  this  pollution  and  manaffmml.  tlx  resulting  fuel 
trmj»rnturr«  at  thr  and  of  a  maximum  range  rruiar  at 
Maeh  2.7  irr  a*  -hown  in  Fig  7 •.'2  for  thr  *ing  tank*  and 
in  Pi*  7  2d  for  thr  main  tank*. 
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7.11  Sjrilrn  Thermal  CKor«ct«rl»tki 

I* tP  3.3.*.4«| 

Insulation  ami  fm-l  ~t  -wvinifmnt  pna-rdurrs  allow  thr  fucJ 
to  prm  hU*  u  major  pnit-m  of  tin*  Inal  wok  capability  rr- 
quirrd  iilatini  tin-  .mpl  me  »ithm  I \tt  2  V)  F  i  rui><  limit 
for  foil  <l«liwr\  to  thr  m|pne 

I'vpM  nl  umii  rjitourul  fur  l  slorajjr  ti-mjirratur*  waa 
ili-ti  rni.mii  to  !*•  nj>|<ro\inutrll\  .V)  F  Fis  7  24  ahow* 
•  h»stor>  of  furl  It  rn;M  r.iluir  if  V)  P  furl  were  loaded. 
A  Miull  Amount  of  auxiliary  o«>ling  i*>  required  during  thia 
rruv^on. 

Fi*  7?  a  hi-lorv  of  i)>r  furl  trmjirraf urr  during 
a  nmimum  rnnjic  *uj*rrx»nM  mi' mn  «uih  fiS  F  furl  W*d- 
nl,  -how*>  thr  t«  n*|-  i.ituri^  ol.t.umil  ihiou^h  thr  vanoua 
hr.it  ru  liii'u:i  i>  ami  tin-  riiju.ii  iiH-nl  for  auuliarv  moling. 
Tbr  *r»  fur|  I. wohn^  ti  ni|»  raluri  is  mnodrn-d  thr  mail- 
mum  to  I*-  ri|Milrd  in  mmrnrn  uil  o|«rationa. 

If  11U  F  furl  u  lo.riiii  ami  a  itunnium  rmwoon  M 
flown,  tin-  M-sull»nj  fu<  1  li  mj«  future*  will  hr  ai  ahuwn  un 
►'K  7  JK 

During  di-Mtnt  thr  furl  U*rnjA  raturr  unto  thr  mgm« 
i%  l  initial  to  12.ri  ibgreea  F  to  provide  adequate  moling 
f  .r  1 1 .•  i  r^-.rir  Tim  i*  a<vompliOw*d  by  remming  all  rabin 
<on»!it a »ning  and  h  draulw  heat  l*«id»  fnm  tlir  furl.  Tht* 
Arr.o  |  *  tin  i  t  h.i*  thr  i  flr%  t  of  alio*  ing  thr  furl  to  hr  de> 
)i\rre<1  to  tin-  engine  at  tank  U-mjm-rfcturr  (See  Volume 
A  N  il  for  a  d<-wnp*ion  of  ■yatrma  cooling). 
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•  O  TESTING  AND  DIVIlORMINT  PROGRAM 
(iff  3.2.ia,  3.1.1*) 

a.1  C«rt«rd 

This  section  Mimmnri/«~»  thr  U^tmn  and  «-l* »|*rr*<  r.t  of 
the  major  propulsion  *y»Utn  component*  through  «ch 
of  (fir  follow  inf  ■tage*; 

•  MxW  lull 

•  Com^inml  ti*ti 

•  Development  tf»U 

•  Component  qualifx  at  ion 

•  S)  stein  develop*  -til  and  qualification 

•  IVeflight 

•  (Vrtifintian 

•  Acceptance 

Information  on  tr*t  fa«ilitir»  and  u  frduling  u  given 
in  Volume  A  IX.  Teat  and  <  rrtificahon  Plan 

3  1  Inglnn  Initollotltn 

Development  tcding  %»  ill  <|onr  to  solisfantiatr  thr  de¬ 
sign  details  of  thr  ov«  r  dl  inline  inot.ill.it  on  'P  *  l«M 
program  include*  *tmp’»  i  it* >r.it»»r\  te-t*  «  f  \<irn*u*  torn 
}a  merit*.  ground  l#*-ts  «•'  n  lornplile  engine  in-l.ifla 

ti.m,  tr*t*  •  *n  thr  i  on  t  !f  t»  d  nirpl.inr,  and  flight  tr-tv 
»hu  h  mrv  ludr  with  t lie  * i rpl.tf w*’*  irrtilic.it Min  and  f  ii-t»» 
mcr  aireptarxe  tr*U. 

•  2  1  COMPONENT  OEVElOPMENT  TESTS 

The  ileMgn  oinojil*  of  .i  large  mifiiU  r  of  hith  fun*  thinal 
and  stria  tur  il  c"ni|*on»  rf%  iwd  in  tlir  imt. illation  %•  ill  lr 
tested  to  d«*\ •  l>»p  and  prove  tlvd  thr  design  d«lnl*  are 
*-mnd  and  pr.n  trial  TT*  e  lr*ts  v»,||  Ir  made  at  tlx*  ear* 
|ie*t  pre'iMi*  lifor  a*  It-  r  e  i.u  '  1 i*-*  and  al  »  at  fa«  ill  ties 
of  thr  vindor*  and  »ul»  ■■ntrn  imv  fvir!*  ipiltng  in  thr 
development  ..f  the*  pro;  J  w.n  -at  lion  d  the  mrptine 

An  nl'^i  five  of  tlx  -«•  t«  f »  n  to  in  ure  tomplete 
I  off  |vil  ilnlit  V  lalMon  1 1  f  tti  »  lr  ted  and  thr  \f  r\  high 
altitude  and  rilrrriv*"*  in  |»ni|«  Mlunv  a\**a  mlid  with 


Mjpcrwmic  operation. 

I  2  2  ENGINE  GROUND  RIG  TISTI 

Initial  ground  t^U  of  engines  Mill  la*  performed  on  two 
H.m  ii.g  ground  rip*,  in  the  Seattle  area  approximately  12 
namth*  1«  fore  first  flight  Tlx*  engines  Mil)  l»  of  thr  Mm* 
tvja*  t: i  \  nx«liJ  a*  tlx*  flight  engines  One  engine  nf  is 
■canted  at  (lie  nm  harm  al  er.ginti  r ing  laUiratory  in  the 
Seattle  area  and  tlie  other  rig  u  a  I  liie  Tulaiip  remoU 
test  *ite 

Ida-  lomplttc  propuhi*  n  pal  for  the  airplane  includ¬ 
ing  inlet,  engine  with  a  u  errant  or  and  norrle,  engint 
mounts.  mirsMifii*'  engine  fuel  Motrin.  lulling,  rrverarr, 
and  strut  w  ill  la-  :«*st«d  in  these  facilities  to  confirm  the 
pmpuisiiM  *v»*.em  design  prior  to  fir>t  flight  and  to  auj> 
p>ft  thr  flight  ti-st  program. 

The  t*M  rigs  Mill  U  used  to  |x*rform  develofxnmtjd 
testing  of  iomj«onent»  arid  ouvsssirie*  «nd  to  evaluate  en¬ 
gine  {a  r formant  r  and  oja  ration  Items  to  lw  tested  in 
elude  t  tie  inli  t.  sfartir.  ml  *\‘litn,  fuid  *v*trm  rom- 
jaimnls.  engine  imfr  urn' nt.it  mr..  reversal,  nor  fir.  and 
ton!  o  h  Mi .«  wri  na  nts  w  ill  la  n*Aii#  of  inli  t  pn*wure  r*- 
i*o.  r \  i  I  d  I*  •  l i*.n  ^iveswirv  nailing,  engine  environ 
ini  ni  fu«  I  wild  o.l  floss  ratis,  thru*!  inti  rnal  temjx  raturea 
a  r  id  |  »i  u»«*v  *  I  art  mg  aid  n«  m  Si  i  .it  mn  time*,  etc  Kngine 
-  <ti>>n  in  l*  ih  the  nugtnrmid  and  dr>  rrxxie*  » ill  Iw 
f  lih  «*  till  A  p.ftion  of  tlx-  mr  plane  fuel  fcad  rv»trm 
ss  ! a  u  d  t'  'ujplv  fi.il  to  tlw  t«*st  ergme 

Tlx  follow  mg  « ngim  mst.ill.itam  ti^ts  are  planned 

•  KM.IM  Oil.  (  (tOl.ING 

Ti-ts  to  evnluite  engine  ml  Mailing  s\st*m  jwrfomnrx’e 
■  li  mja  raf tires,  pres  ufvs  ar.d  fl<»s»st.  )« »t h  sti«ad  stata 

and  trnn  u  nt.  w » t h  Ik*I  fuel  and  noim.il  ful^  lefn|a*ra 
lurrM 

•  rti\*f  r\M  sn  i  ;>  mm  y  and 
(  i  m  i  \Tt»n  f »ii  t  imii  j\r. 

Test*  t/i  «•'  !  i  .  i  #  *\  lit*  ml  »  •  ‘  r  !■  doftTvirv  *  tern 
jar.ituies.  pr«  -^M-s.and  fl.  w«-  U.  h  -li-adv  stair  aed 


c  .  « 


fc 


ramient,  with  hot  fuel  and  normal  temperature  fu*4- 
Teata  lo  evaluate  drive  prewaur  nation  ay*  Urn  perform 
nee  (engine  bleed  air). 

Tf* La  to  obtain  generalized  heat  exchanf  r  perform- 
UM.«. 

.  ENGINE  AND  COM  TON ENT  COOLING 

Trail  to  determine  component  tempera  t  urea  ui  the  engine 
environment  (ignition  i)»trm,  fuel  iimlrul,  fuel  pump, 
lump  valve,  noiule  control,  Herd  valve*,  etc.),  and  to 
rvalua  t«*  pod  U-cnja-rature  environment. 

Testa  to  determine  icnvory  gearbui  and  drive  ay*- 
tem  environma-nul  timjarature  as  well  as  the  ambient 
temperature*  for  nmvtant  ajmed  drive,  generator,  atarlr*, 
hydraulic  purr.p,  transducer*.  Iran -urn  tiers,  etc. 

.  FIRE  DETECTION 

Teata  to  mlahluh  fire  dr  Ux  lor  location*  and  tem peratu/ew. 

•  ENGINE  INSTRUMENTS 

Teata  to  evaluate  thrust  mrwvunnf  system  accuracy  and 
response,  to  evaluate  other  engine  irvtrumrnt  ayatema 
■uch  as  RPM,  fuel  flow,  i  ihaust  gaa  tetnjwrature,  od 
temperature,  od  pressure  and  od  quantity,  for  rt^ponae 
and  accuracy,  and  to  e'fahl  h  limit*  at  required. 

Testa  to  evaluate  in*tnim«Tit  syslrtna  for  convtant 
speed  dnvr  arwl  g«-ner.»b*r  11J  cooling  system*. 

•  ENGINE  CONTROL  SYSTEM  (RFP  2.25.1a  ) 

Tr*ta  to  evaluate  engine  control  «>slna  rr*p*>n*e  to  de¬ 
termine  engine  jarforrnance  a*  a  function  of  thrust  lever 
pe>itmn,  U>  determine  engine  repinv  to  thru«t  lever 
movement,  during  both  acceleration  and  deceleration- 

•  ENGINE  KI  EL  SYSTEM 

Teata  to  evaluate  engine  performance,  botii  »ith  and 
without  avustame  fmm  hra*.t  pump*,  to  determine  •>-*- 
tem  pressure*,  tem[wrnturc*.  ind  fl<>»  dunng  steady  s  et# 
and  transient  operations,  to  r\*luvte  surge  prr-ssure*.  and 
to  develop  generalis'd  performame  f-  r  fur  l  od  Iwal  rt 
changer. 

•  POD  DRAINAGE 

Teat  to  evaluate  propulsion  pal  drainage  provuoona. 


.  MISCELLANEOUS  <  REP  3.2.16,  3.2  4.7d) 

Near  field  and  fur  field  acini*!*  mmaurementa  sriD  ha 
iradr  during  the  Ux*t  fa-nod  Kihauat  gas  velocity  and  tem¬ 
perature  prufilea  in  the  region  of  tiie  airplane  fuwllfA 
Ming  and  tad  sta  tion  Mill  br  obtained. 

71*  pm  rig  Mill  be  in  ofa-ralton  until  p^^^Ailaioa  ba¬ 
ttalia!  ion  prublnna  are  suKrd,  a  prnud  of  i  ppruiimataly 
30  month* 

92  3  AIRPLANE  GROUND  TfSTS 

Ground  U*U  ail]  la-  run  on  l)*r  airjdane  prior  to  first 
fl.ght  to  confirm  tint  I  lie  various  eysta-ms  are  Mocking 
pmja  rly  and  are  kMi*  factory  for  flight. 

All  engirv*  m  .11  tie  oja-r.-»t«d  during  llir  prrflight  Ldsta 
to  evaluate  i  v  follc’Ming  funrUona' 

•  Engirv-  starting  (at  Par.  0J)) 

y  Engine  scorlcralJuti 

«  Ai  finmtor  and  rurrle  opera  tia® 

•  Engine  instrumentation  including  the  thrust  mm 
unng  ayah*.: 

•  Might  dexk  cootroki 

•  Engine  can*  temperatures 

•  Pod  pooling 

•  Engine  rd  ayatem 

.  Rev  rrvf  oja-raUai  (are  Par  9.4) 

924  AIRPLANE  DJGHI  TESTS  (R ft  3  3111 

Tlie  PM*  outlin'd  in  th.«  Mitmn  are  Uk**#  required  to 
evaluate  ri**  rfoimy  and  innfimi  Lie  design  of  the  en¬ 
gine  imtall.it i  »n  during  the  flight  tret* 

In  fl  ght  IjMj»  Mill  rr»r*  ure  engine  performance  and 
operational  i  harar  teri*t»< v  fuH  flow,  airflow,  rihawd  gaa 
trnijwmture.  p  rev- u  rex,  rvuzie  arvw,  air  1*1  ooj  temperature®, 
and  pfTMauirm. 

'Pie  a,r  start  mvrl  *«e  ff»r  the  engine  Mill  be  m- 
taUi-lnd  f  r  ruth  Pie  rv»  n  gas  generator  and  tlw  aug 
mentor  n»#  fotloMing  <»j>rr* tmnaJ  item*  Mill  1»  evaluated 
during  tlw  flight  le*t  pnifram: 


DC- ^  400*  H 


•  Engine  ijrrformaruT  chirK'tmUci 

•  Engine  airrlerationa  and  deceleration* 

•  Engine  thnul  Icier  arrangement 

•  Augmmtor  o{  era turn 

•  Pn>|iul'>on  [»mJ  and  engine  cool  inf 

•  Engine  oil  »\ <  Urn  hrmthmg.  travrng  uig ,  oil  cuo- 
»urnpt»on,  oil  cooling,  heat  fraction,  etc. 

•  C’omprrfvajf  *urge  characterutic* 

•  Vibration  *urvey* 

•  Aax-wory  operation 

•  Engine  anb  icing 

•  Engine  instrument* 

•  Pnd  d/amagv 

•  Eng  in*  fuel  *y*tea> 


•  1  S  CERTIFICATION  TEST* 

TTic  pp)jHil-*on  j**J  Hill  !*•  titl'd  to  obtain  data  for  c**r 
tifiiat.on  to  the  nuxirpum  i  a|aahilitM-i  of  the  mp.ie 
installation  Hithin  tlie  flight  envclojie  of  the  airrraft 

Ti-n'j*  U«t<ii  U  Ioh  arf  t \pn  .il  o(  tl>o*<‘  to  br  firrformed 
to  rriNurt*  o  m  {  IuiIim*  h  iih  tin  u  In  nUiJ  «*s  txim  of  (*AH  4b. 

•  INH.IGHT  NKMAltlS  (<AJ<  tbTi?) 

The  rrnrl"j»*  of  aip-|Mi*|s  and  altitudix*  ml'iin  *hnh 
aatisfailory  engine  relight*  tan  le  ohlairusl  h  iU  le 
den*  in*  t  rateH 

.  iaum;  ac*«  Ksxmv  cooum;  har  4b4'*j 

THROI  CM  lb  4'ii,  4hb<*..  AM)  4b  r,J5) 

It  will  Iw’  l«  r in»ns t  rob'd  l T  (lie  rngtne  a«  n-vs.  rs  cr«J 
inf  aysti  m  provide  the  n«st--.iry  to  maintain 

the  <i»rn|mn«  rtfs  Hitbin  i-tabb  n«d  lirr.iU  ar*l  that  mm 
pon«-nl  rnMfi  nnwnt  is  amptabir  throughout  the  flight 
mwl<  [w  Pn.Kihle  f  i  lnr«— *  *il!  •>  mutated 

•  engine  ins i  nr \ii  ms  h  ah  4b mi.  4hno. 
4b :  u,  tb :  m  tii hoi  <;n  4b  :im 

The  engine  in*lnmrnt«  *ill  !«•  d»  rrv.n- Irated  to  arr\T 
iheif  int*  o.|«^|  fur  ,  h'HH  ll  r  nghoiit  t  flight  «n\f-|«>|* 
^nd  ii  nd*  r  o.  mb  lion*  of  d.»\  light  or  d  'light  oj«  nti**n  In 
strunwnt  liB.it  urns  and  markings  *  ill  !*•  in  anordar*’* 


Hith  Part  4b 

•  ENGINEOILSYSTEM  t<  AR  4b  4'i0  THROUGH 
4l>  4N?) 

The  pnrikir>  rvsjBjnsibihti  fi>r  t)»r  engine  oil  »y*U*m  1ms 
v»ith  llie  engine  manufacture* 

It  hiIJ  !■  detix»iMr  ibd  dial  HtM’ihf'k  installation  M 
(MfnjvitjlJe  with  tlx*  engine  oil  f>>U*n,  and  tl»»l  ationd- 
ar>  lotims  k*  b  as  oil  prepare.  lnnj**ni lure*,  and 
quantity  indicating  M-r\e  their  intended 

function 

«  ENGINE  ANTI  JONG  K'AR  4b  461) 

Hr  prou*  lion  isr-Uin  ih-sign  fur  tlx*  I«imc  engine  it  an 
iTig.n**  manufai  tun  r  n*s;«»nsihdity 

i  light  t«>t>  *  il!  1b  umiju  t**d  to  ri«rr*mr-tr*tr  that 
adisju.ite  h  t.g  pri»tisti«»n  is  asnilaUe  for  tmlh  ll*e  engine 
an<l  inlet  ilurifig  iulr»»nn  njn-m’  i<  *n  ti>ta  h  ill  con- 

kiu  pri;.te*riK  of  dr>  .  r  t<-sLs  h  lx  rr  hurfair  t4*nqx*ratur« 
are  nM-a^unsf  durmf  fight  ionditio:u  appmjiriale  to  the 
atagr  of  flifhL 

.  i  v.im:  on  hating  <  haha(Tkhistic8 

H  Mt  4b  4<r.‘  ar.d  4T  119) 

‘Pm  m-|»  ih  >i  ail  ii.rois  to  ’hrj*1  Irirf  rvnrmrnt  wiD 

!■  dir  *r-  :iM*s|  tl.rouj:  ’#<*ut  1 1  x*  fight  i*nve!o|«“  TTin# 
t«-!s  »*  .11  Ib  1 1  >o<hj«  tisj  nub  no  Mail  iln  si  or  j»»H«r  ei 
lr»nt/-«n  arid  ml)  inMiinum  a.rUisd  and  jB»H-er  rat/ar 
tn»n 

N.fr'ai  tor\  engine  op  rrlion  “  !!  lir  den *on»*t rated 
Hi*b  tlw  Mrjilanr  in  snb-Jips,  in  > tails,  during  mnmrnum- 
rnti  turns  at  b.gh  altitude.  Erring  gi  *  round  (refused 
land. r  ft  Minditions.  dunrig  Mrplane  arxsl«rat*on  fnart 
r  r  um  »;■'<!,  at  muimtim  c|xraling  *-jxisia,  and  at 
rrunmum  *l>'e 

Pnf.re  nj»  ratn>n  on  the  ground  Hill  lie  demon- 
Btrat*sf  to  lr  »  il  '* <  l  i»\  dunrg  i  tt»ksh  md  and  tail 
Hindi  i  >i -ns  iu.ru!.  rv.|  'n  i  nod  mMirmim  irliritu* 
to  lx-  <t  r I  if. id  f  »r  to!  r*  fl  arid  Landing  f*f '  irov  h  ind.  30 
kn  -U  minimum) 


«-»><;  g/3 


•  FIRE  PROTECTION  <CAR  4b  4M.  4b  4K5,  and 

4b.  4«) 

F*r»  wJiltun  »;11  b*  drmun«t  rated  on  a  model  in  the 
»md  tunnel. 

Profit* f  wtljn^  I#  fur  warning  »\xtrfn  will  be  veri 
fird  during  the  i-ngin*  and  a«  <  t  *  >1  ir.  g  U^La. 

•  V  IKK  TEST  PLAN  i  REP  3  29  le) 

Proof  of  the  profHiNx m  nv'frm  fire  integrity  la  acinnv 
plisht^l  by  Nejwirate  tr^t  of  the  *|»p’**ahlr  major  i\>mj*>* 
ncnt*  Eire  KMing  of  4  n>m*»l«  t.*  pn  vohfin  j»*J  ix  not  pro- 
p«.*«  J  »  «r  the  |m m J  rt?  plo.x  *^4-  dt-  gn  knowlidgr  gnin*^j 
from  xuli^ink'  !■■)  UM.ng  and  x* .  «r  ri|cii<tuv  It  *  -aid 
«Im>  fir  intprnitHal  to  gmund  tr>t  (ad  at  ►  u{*-rvomr 
afirtxlx.  TV.**  prmu»r\  fur  mt«*gnt>  |»r  m  ip!«*»  umxI  through 
out  the  design  are 

•  (  imlmjf  and  finw*H*  prr\«nt  (!»mf  mipingeynrnl 
on  rritu'ai  jairtionx  of  if**  airframe  Non  ha/ardoux  fb*rr» 
path*  art-  proven  f»v  wind  (unr*l  n»n*lr|  tr»ta. 

•  Limiting  itispr  ava.l-i*  !itv  L>  t oiitndled  vrni.'a 
tmn  h  thnt  firm  will  le  m  if  *  1 1  inguehing  of  of  low 
intmailv 

•  Rurn  out  |-uvL  are  in*t.*.Il«  *•  in  ffiiii-fn  1*,  it  mo# 
to  a'low  "burn  out  tiffughir.it  1.,  fn*.  f  l)*4-  *  •«  ur 

I  2  6  ACCCrtANCl  T4STS 

PrrforTruin*  e  t*M*  a  II  fw  inompfi  4ied  to  deny »n*t rate 
that  the  engine  in*ta'l.«! ion  rrw-i  It  all  ruprred  f»  rform 
ar^e  «  hara*  lrn«ftn  ax  *t  |  f  »rih  in  tin*  airplane  detail 
■t>mfu  atmn  (Volume  A  II) 

t.3  login*  Ini *4 

Inlet  r|rvr!o(>fm  nt  te-ting,  *L»rtirg  with  rrv«iieU  and 
pm«  r»*dng  through  full  Male  amil  tunnel  t*M«.  <|«» 

■,!4v  with  operating  rrkim«l,  and  aitual  airplane  UMa. 
ia  plann***!  to  define  the  dm  gn  detail*  of  the  mlrt  and 

•U  r»>nlnd  «yalrm. 

I  3  1  MOOCl  Jim 

M<wjr|  text*  of  the  inlet  a.vf  |f*e  inlet  ppi|»uJ«***m  pal 


wmg  mmUrulxin  Mill  be  conducted  aa  fuQoat. 

•  31  1  SmWLS<oU  Medal 

Small  -at-aie  inlet  U~U  a  id  I*  nndu<  U*d  in  Being  and 
larmHi  to  obtain  dt*ngn  da  La  to  drfirie  the  mlrt  interna] 
and  external  gt mmlr),  lo  define  t)*r  mlrt  cuntnjl  parant- 
rUra  and  M*nM>r  laate»nx,  to  dt  t«  nrur»r  optimum  nuy- 
afJr  fmmi  trv  a.  fa-duh^,  and  U>  mUfai'h  if*  auitabdity 
of  (fit*  ml*  t  Itaation  n-luloe  to  tfie  air^anr  «m|  and 
fuselage  lV»r  iiui  t  limit!*  Mill  le  U  t*d  on  a  Marik 
minder  range  of  0  2  to  10  at  varmux  angWw  of  attack 
an<f  >*w  'll**  m!<  f  mti  nul  gtx.m*trv  I rerpurrTTimt^ 
and  «r*ntr>J  rtxju  nrafila  m  JJ  I.  r^ufj  jJn«L  [  rirrurOy 
tfmiufh  d«-v«  )o|itiM-id  t*M»  t>(  lf»r  alone  Pmndar 

U^la  of  1  f >e  m  g  irjtt  rondufiNti.in  U>  \t*nfy  aatudartory 
inlet  o|«rMt..n  owf  tie  et.t  r«  fig  fit  enxrl  edJ  alao 

fie  n»r>lu<  t**d  lrd*t  H r ««jt  U*^t*  (comI.  ►pillape,  and  by* 
|«\x)  Hill  )«-  n»n  lu«  ltd  in  lf»e  larp  «*  md  tu^tnela  to  aa 
tahli  h  rtti  niAl  hr****  and  d<Bir  mntnl  m  hedulna 

.St  ural  xmaii  Male  mt*lrU  will  fe*  frudt  (of  thu  dexeiop- 
1 :  ■  1  m  ork 

•  »  f ft  rt  Mil!  ntrnd  from  program  go  ahead 
(bn.  i|h-  flight  i*M  pfwt«  ui  td  full  «l*M*l<i{imrnt  haa 
Iti  n  1  ^tfnjJixhrdL 

13  13  On* -Fifth  S<ol#  Medal 

^  otu  fdifiM.dr  nv-lt-l  iif  tf»e  inlet  Mill  he  built  and 
It  Itxl  mu  if»»  entirr  fi  gfit  enwloje  to  pnn »de  add»- 
(  »nnl  dtwl  .jn^*nt  dala,  Mtth  tvirtMidar  errijiha***  on 
■*  ilt  t  f1'*  1  f»  uni  r\  l»\rr  l>ltB*d  dt  (adv  and  inlei  rorv 
tfo|  d<M-l  'ji'K  t  Tf-  ik*  ,r  g  (tnnxi'nir  and  »ujer^i>nir 
M.r  I  t  -nd  one  «.f  tf»r  N’A^A  tunnel*  aiD  la 

uvd  f  »r  if  ix  *..rk  Tie  pur]*»M  of  tfn*  testing  a  ill  be 
1/»  firoM>lt  mb  t  j»  ffortijirve  M. 4  * tn t»*li t y  and  inlet  rm- 
ir,,|  if.  j.,,  #1  -t t j*  to  f«-  umxI  f  r  «  p»n«*  ring  drawing  ra- 
*  TV*  rtytilil  m  1!  fa  fu!l\  mr  f  n.r.xf.le  mlh  mmabW 
.1  g«Biiitr|r\.  *  a  r  iix  f  ilr  takrx.^  In|iavx  » tax  t  *il»t  y  aytlefn. 
ar.d  *n  <«utom  ti<  uJ#!  ix»ntnJ  11*t-r*  t*^t*  •  til  I*  run 


# 


in  conjunction  Kith  the  inlet  control  auliront  rector  to 
evaluate  control  concept*  and  MUMir  requirement*. 

0  3  13  Smoll-Srol#  Static  ur>d  Law -Spaed 
Tettinf 

Small  Mcale  (approximately  one-eighth)  static  inlet  mod¬ 
el*  will  Ic  used  to  develop  the  t.'ikiofT  door  con  figure  t  ion. 
The  Lnkrofl  doors  provide  auxiliary  air  to  the  engine  dur¬ 
ing  Liki-ufT  and  during  low-quid  high  jiower  ujjeri.tion. 
These  models  will  Ik*  t<Med  in  the  B<*-mg  mechanical  engi¬ 
neering  Moratory  low  six*ed  (up  to  Much  .2)  wind  tunnel 
and  w  ill  provide  the  data  ni’ces.^i ry  for  de  tail  design  of  that 
portion  of  the  inlet  system.  Measurement*  will  be  made  of 
airflow,  pressure  recovery,  ond  distortion  at  the  engine  fa^e 
over  a  Mach  range  of  0  to  0.2.  Auxiliary  door  area  aha;* 
and  location  will  Ik*  some  of  the  variables  t/*sted.  An  engi- 
reering  Inbora  *ory  water  table  will  also  1)C  u.sc*d  for  evalua¬ 
tion  of  the  at’Auiary  air  nystem. 

1.3.2  MI-ScoU  Tt«t« 

8.3.2. 1  NASA  L«wl»  loborotory  and  Arnold 
Engineering  Development  Ci.iter 
A  full-scale  inlet  will  he  tested  at  the  NASA  I>ewii< 
Lahore  toiy  or  equivalent  facility  to  determine  the  cfTcc* 
of  model  arnie  on  tlx*  inlet  performance  and  stability. 
The  inlet  boundary  layer  him!  configuration  will  lie 
tailored  during  this  test  phnv\  ITic  inlet  control  sensor 
tyjx*  and  locaton  will  Ik*  established.  A  prototype  inlet 
rontrol  will  he  used  to  demonstrate  tin*  operation  of  the 
inlet  control  system.  Pressure  recovery,  vtnhilily  mar¬ 
gin,  compressor  face  distortion.  bleed  flow  rates  and  pres¬ 
sure?*,  time  constant*,  and  rcqvuw*  mtn  of  the  control 
Hysten  will  Ik*  some  of  the  characteristic*  measured. 
Mac  h  range  will  Ik*  from  1.0  to  3.0  or  a*  limited  hv  the 
t<*st  facility.  The  full-scale  inlet  fabricated  for  the  lewi* 
laboratory  test*  will  Ik*  first  bench- t4*st**d  at  the  Hoeing 
mechnniral  engineering  lahnatory  to  confirm  tlx*  vari¬ 


able  gi*oijxtry  actuation  and  control  operation. 

If  incompatibility  W-tween  tlx*  inlet  4r>d  the  mgina 
he<onx-*  aiijwiri*nt,  further  full-scale  text*  are  planned  at 
the  Arnold  Kr*gini*eruig  Development  Center. 

8.3  2.2  Qualificotion  Tettfrtf 

Qualification  U>t*  of  tlx*  engine  inlet  will  prove  *truc- 
tural  and  nxilumiraJ  integrity  of  the  inlet  design.  'Hxe 
inlet  Mrurture  will  lx*  fatigue  tc-stcsl  in  tl»e  ntnxcturel 
dynamics  laboratory.  In  flight  U injK-raturc*,  pressure 
loads,  and  vibrations  will  lx*  simulated. 

Mechanical  tr-st*  of  the  take*  fl  doors,  bypasa  doora, 
balance  panels,  internal  variable  geometry  elemenU  and 
actuator*  will  lx*  |m  rf  jmn-d  ir.  the  mes  luimcal  engmoef- 
ing  lalxirntory.  For  tlx-x*  k-'-Ls  the  rornjxjncnU  \ /ill  be 
subjected  to  sirnuJalcd  in-flight  lemperatun*  and  load*. 

8.3.3  GROUND  USX  RIG  AND  AIRPLANE 
GROUND  TESTS 

Further  inlet  gr^rr.d  pM.s  will  continue  as  part  of  the 
engine  rig  and  airplane  prvflight  test  program. 

8.3.4  AIRPLANE  DEVELOPMENTAL  RJGWT 
TESTS 

Engine  inle  t  f*  rfonn.irxc  w,U  Ik*  evaluated  throughout 
the  airplane  ojuratcig  cnvi!o(*\  ToL’il  pressure  distri¬ 
bution  across  the  eng.ne  inlet  plane  wul  tie  drlrrrrurxd, 
and  the  inlet  <  ml  ml  s\  l<*n  will  Ik*  evaluated  for  proper 
s<  laduling,  adequate  n>|»onse,  and  adequate  flow  sta- 
hihtv.  (){m  ration  during  an  adjacent  engine  shutdown  and 
during  reverse  thrust  conditions  will  tie  demonstrated. 
The  e fleets  of  critical,  single  failure*  in  Ox*  inlet  con¬ 
trol  system  will  lx?  demons! rated. 

8.3  5  CERTIFICATION  TESTS  (OR  4b  4601 

Tt ie  engine  inlets  will  Ik*  demonstrated  to  supply  the  re¬ 
quired  quantities  of  air.  within  tt>e  limit*  of  pressure, 
t<*m|KTiiture,  and  velocity  distnt*ution  qKvifird  by  the 


en^tne  manufacturer  for  proper  engine  operation  during 
•11  normal  flight  condition* 

The  effects  of  failures  of  the  inlet  ai’ualing  and  con¬ 
trol  tiystim*  will  lie  demon*! rated. 

For  supersonic  flight,  it  will  he  demonstrated  that 
inlet  airflow  is  maintained  to  a  degree  satisfactory  for 
safe  flight.  It  will  U*  further  demonstrated  that  for  ab¬ 
normal  conditions  where  flow  disruption  otrura,  normal 
inlet  airflow  can  be  re-established. 

0.3.6  ACCEPTANCE  TESTS 

Performance  and  cjvrutioruil  test*  will  demonstrate  that 
the  inlet  installation  rivet*  all  requirement*  aa  set 
forth  in  the  airplane  detail  specification  (Volume  A-II). 

•  4  Exhaust  System 

Development  testing  will  be  performed  to  establish  and 
Kutjstanliate  the  do  ign  details  of  the  exhaust  system.  Be 
cnu*e  the  nozzle  with  its  integra*  1  thrust  revervr  must 
satisfy  the  requirements  of  tl.  airframe  manufacturer 
as  well  as  the  engine  manufacturer,  the  design  and  de- 
veloprrwTt  program  mu-t  lx*  clo*dy  roordinabd.  T.,is  tent 
program  includes  the  listing  of  the  responsibilities  of  the 
airframe  manufacturer  nnd  the  engine  manufacturer,  the 
!alx>ratory  and  component  development  t/^ts,  the  static 
ground  testa  of  complete  nsscmbli.-i,  the  acoustic  testa 
to  evaluate  engine  noise,  the  exhaust  flow  held  measure¬ 
ments,  the  tests  on  the  airplane,  nnd  tlx*  flight  testa,  in¬ 
cluding  th?  airplane  certification  and  customer  acceptance 
testa. 

0.4.1  AIRFRAME  MANUFACTURER’S 

RESPONSIBILITIES 

The  airframe  manufacturer  will  estaNish  the  require¬ 
ments  for,  nnd  evaluate  the  effects  of.  revervr  ofxration 
in  nil  op<  rating  regimes  of  the  airplane.  The  major  item* 
for  ron-iderntion  nn*:  (1)  cffi-ct  on  airplane  performance 
characteristics;  (2)  exhnud  ingestion; and  (3)  exhaust 


gas  structural  iwjengernent  flow  patterns  an  to  tempera¬ 
ture.  prove  re,  and  induotd  vibration  frequ'^exm. 

The  Inn  ing  Company  will  U*  rr-qxjnMUe  for: 

•  Defining  the  exfiaust  system  and  rcurs-r  require¬ 
ments  -  tnm  iwludi-s  <untrol  of  eTlem.il  contour 
and  all  i*  rformin<e  and  operational  rtquin*menta. 

•  Monitoring  tlx*  exhaust  system  d«n  iTopment  pro¬ 
gram  to  ensure  t/u»t  the  system  i*  rtxnprtible  with 
the  airplane 

•  Integrating  the  exha  xs.  system  into  the  airplane. 

•  Approving  tlx*  engine  manufacturer’*  exliauit  and 
iweNT  control  ays  tern  design  to  ensure  i*$  com¬ 
patibility  with  the  airplane  control  kystern. 

•  Demonstrating  the  performance  of  the  exhaust  «y** 
t»*m  hy  fi  ght  U*st. 

•  Coordinating  with  applicable  govommroUJ  agm- 
cirm. 

0.4.2  ENGINE  MANUFACTURETS 
RESPONStRtllTIES 

Tlie  engine  manufacturer  will  deign  the  exhaust  system 
u.nd  dct<  nmne  and  e\aluate  tin*  i  fleet*  of  exhaust  nozxlr 
nnd  rvxervr  ojxr.ition  on  the  engine  |**rform.m«v,  in  ac- 
conl.iiKe  with  tbe  flight  profile  |*  rformamt*  rvquiremonta 
estahh  lull  hy  tlx*  nirfianv*  rnanufin  turer.  Additional  ei- 
hau-t  sy-fern  coii  .i  lerat  uni  imlnde  structural  integrity, 
reliability,  maintair  ibility.  nnd  economy. 

The  engine  manufacturer  will  1**  rvqwxisilde  for: 

•  l)eh\ering  nn  e\h.iud  system  of  maximum  prupul- 
•  ive  efficiency  consist*  nt  with  reliability,  maintain¬ 
ability,  nnd  engine  performance  guarantee*. 

•  K-tabli  lung  the  exhaust  ►>  stein  f*  rfonn/mrr  in  aD 
modes.  Capability  w,|l  lie  demon d rated  in  small- 
*c.,le  U" t.s  m  the  engine  manuf.x  tur«  i’*  nozzle  lest 
fniihties.  Full-s -ale  viatic  ng  t*~t.s  will  ix*  con¬ 
ducted  to  dem  »n-t rate  re  vere*  thrust  capability, 
exhaust  gas  flow  *  luirncter  nc*  ,  and  nrcrptnhie 
noiv  level. 


# 


•  Developing  full  s<  ale  iurdwarr.  Thi*  will  consist  of 
full-Hali1  Un(«  to  evaluate  the  structural  and  me- 
ihamtnl  integrity  of  (he  (’iluuNt  system. 

•  De-inning  and  fabricating  the  Tight  hardware.  Thi» 
includes  preparation  of  detail  d<*signs,  drawings, 
etc  ,:»nd  manufacture  of  ihe  flight  unit*. 

•  Conducting  ty[x*  certification  U-sts  of  the  pro¬ 
duction  exhaust  system. 

•  Obtaining  liocing  approval  of  the  nozzle  and  re- 
vcrser  con! ml  s>s  em. 

•  Coordinating  «vi iH  the  ui.  plane  manufacturer. 

•  Coordinating  with  app!ical>le  gjvernmcmLal  ag»*n- 

ciei 

•.4.3  LABORATORY  TESTS 

Models  of  the  engine  exhaust  nozzle  w  ill  he  test'd  at  Boeing 
to  obtain  nozzle  thrust  roefT:<  ient  data  with  and  without 
external  flow.  llv-sc  data  will  lie  u***d  to  .erifv  the  per¬ 
formance  of  tin-  engine  manufacturer  -  profxrsed  nozzle. 

The  U  st  model •;  will  duplicate  tlie  airj  lane  p>d  con¬ 
figuration,  and  n-eaMiremiTil.H  will  lx*  made  of  t!.'*  thrust 
minus  drag  of  the  nozzles  including  (he  effects  of  Unit  tail 
and  hn*r  drag,  internal  thrust  and  szstindimy  air  momen¬ 
tum,  and  rcvcrxer  hardware. 

Models  of  the  engine  exhaust  nozzle  will  he  tested  in 
the  freeing  acoustic  engin**ring  laboratory  to  obtain  jet 
njiseduUi.  Th«v;cdnta  will  lx-  u*<*d  to  monitor  the  strut  tuml 
*nd  cnmrr  rnity  noise  *.  ha  rac  (eristic*  of  the  engine. 

•  4.4  FUU  SC  HE  OUAUPICATI3N  TESTS  CRFP 
2  25.8,  2  25.9,  2.25.10,  3  2.16,  3.3.9) 

Fci‘*scale  nozzle  and  reverscr  de\t  lopment  tests  w  ill  lx*  run 
by  the  engine  contractor  using  suitable  ground  test  engines 
for  developing  the  structural  hard  ware,  actuator*,  mecha¬ 
nism,  and  control  system. 

A  7.r>  hour,  flight  test  status,  piototvpe  qualification 
t**s(  of  tlx  nozzle  and  rrverser  will  lie  nin  using  a  gniund 
test  engine.  The  nozzle  and  reverscr  w  ill  tie  subjected  to  re- 


pe  it#sj  simulat'd  flight  tyde*  to  dunonstrate  structural 
and  nx*  liana  al  integrity.  TIk*  spc<  ific  test  cvtle  to  be 
us<d  will  lx*  «*stahlisfwd  it  a  later  dale.  The  text  will 
lx*  condui  ud  by  tlx*  engine  rrumufnt  turer  at  his  facility. 

A  tyjx*  certification  test  of  tbe  reverxr  and  nozzle  W'31 
lx*  condui  t»d  in  conjun»  tion  with  tlx*  1.7)  hour  endurance 
ty|x* crj  tificalion  tests  of  thcengirx  wlu<  h  will  lx*  conduc  Jtxf 
by  tlx*  engine  contractor  in  a< cordanie  with  CAR  1 T  or  ajw 
pi i<  able  rvvisions  for  the  SST  engine  An  altitude  test  for 
simulation)  to  sulctantiate  tN*  structural  capability  and 
performance  diaracti  n-tic*  of  tlx.*  ex  haunt  system  w  J1  be 
a  portion  of  tbe  certification. 

Full-scale  li*st>  using  a  ground  test  engine  wd)  lx*  con- 
due  tr-d  to  determine  the  airplane  noise  environment  and 
nirjxirt  noise  environment  fur  ground  ofxra lions  of  the  SST. 
Simulation  of  noi'x-entical  nirpla;;'’  k  ructural  area*  w*iD 
lx*  required  to  obtain  wirm*  of  th«*'X*  noise  data.  The  testa 
w!|  fx*  run  at  engine  ijx  rating  conditions  from  7)  percent 
of  maximum  dry  jxiwer  to  maxim. m  Aurmont4-d  power. 

Full  s<  ale  t«*Hs  in  addition  to  those  li-tid  in  Far.  ft. 2.2, 
using  tbe  ground  ti*st  engine,  will  lx*  conduct/*)  bv  Bcx*injr 
to  measure  the  exhaust  environment  on  the  airplane  fuse¬ 
lage,  wing,  and  tail  section*. 

8.4.5  AIRPLANE  TESTS 

Test*  sjxvifi'd  in  Par.  8.2.3,  A  2.4,  and  8.2.5  u*dude  the 
exhaust  system. 

8.5  Starting  Syitem  (RFF  3.2.9.31 

Starter  system  testing  will  i,r  performed  to  establish  and 
Hulwtnntinte  the  design  details.  Th.*  te*-’.  program  include*: 
(1)  laUimtorv  testing  to  develop  component*,  (2)  full- 
at.de  static  rig  testing  to  (jualify  c  ornament*  and  system, 
(3)  mtv  he  hMing  to  evaluate  component*,  and  (4)  air* 
p’ane  flight  testing  to  verify  system  design. 

The  starter  must  sati-fv  the  requirement*  of  the  air¬ 
plane  manufacturer  ns  will  ns  the  engine  manufacturer. 
Testing  and  development  will  tlx-rx  fore  lx*  tier-  Ty  ct>- 
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ordiruiUd  lii'tMivn  Boring,  the*  engine  inanufac.  lurer  ,und 
the  starter  supplier. 

'Dm*  supplier  uiU  ctimliK  t  tl«c  suiting  ss stern  rum- 
jxmcnt  d«*vt  lopnient  and  tl»r  qualdu  .it  ion  testa 

A  starting  s\  stern  will  |r  ju* Lh!i«<«J  nml  tcMcd  by  Hoeing 
mi  two  engine  ground  t«M  rigs  Airline  in -service  testing  of 
IIm1  starter  vrtlvi*  will  In*  umdutlid  Tim  if  ik  of  the  com¬ 
plete  airplane  system  will  tircnndu<  ted  in  conjunction  with 
the  airplane  development,  certify  at  ion,  and  ac*vptame 

0  5.1  STARTER  COMPONENT  DEVELOPMENT 
TESTS 

(  ompincnt  testa  will  include:  (1)  verification  of  starter 
intjH-lIrr  containment,  <2)  starter  and  control  valve  jirr* 
fonivinci',  and  (.’J)  n  lout  switch  j*  rformance.  Reliability 
development  testing  will  !<•  with  engine  qualified  oil.  The 
temficriturr  extremes  will  In*  -fin  F  to  *  4VFF, 

Starter  v.dve  d«*vi  ’opment  tc-l-  will  !*•  primarily  those 
to  develop  its  reliability  under  the  xtrf'T.’v*--  of  vibration 
and  U  injK-ratuje  environment.  limphads  w:il  lx*  on  cycle 
end ura ne'e  testing. 

8.5  2  QUALiriCATICN  TESTS 
Starter  and  values  will  lie  suhjcitid  to  qaibfir.it ion  tc-*U. 
The  ciailifie.it ion  ted  require-m*  nt»  will  lie  per  Hoeing 
sjiee  ilit  ation  and  v.ill  include:  (1)  rule  tc  -ting  with  the 
starter  n»H  valve  cold -soaked  to  -fifi  F  and  hot  soaked 
•  tVl'F,  (2)  eyele  endurance  testing  for  a  minimum  of 
20U0  r\rle*c.  (3)  environmental  tc-»t«  at  the  in-fbght  tern- 
pern  tun1  conditions,  (41  starter  containment  tests,  nnd  (.*>) 
vibration.  The  starte  r  will  !*•  enupbd  *o  a  flywheel  repre¬ 
sent  in^  the  inertia  of  the  engine  m'  #1  arvrssorirc.  Ap¬ 
plicable  sections  of  MILS  A  .*•  included  in  the 

Hoeing  pr»w  un**nent  qievifirntion. 

The  starter  valve  will  lie  sub  mi  f «*< J  to  a  total  of  10.000 
<  \ «  b*s  of  o|H>ration  throughout  a  range  of  ambient  tempera¬ 
tures  from  -kVF  to  •  4  V)  F  a**  a  part  of  the  qunlific  ation 
testing. 


6  5  3  STARTER  GROUND  RIG  TESTS 

The  hta  (mg  sv-tern  including  starter,  rhc«  k  valve*.  and 
regulating  and  shutoff  v.dve,  will  I*-  u-«id  for  starting 
th  lughout  the  li-n-mg  ground  rig  ted  . »rogiwn  to  further 
5  1  in  developing  a  hjglJy  i  liable  starting  tysUm 

0  5.4  VALVE  IN-SERVICE  TESTS 

The  pneumatic  regulating  and  shutoff  valve  will  lie  air¬ 
line  service  t<-tcd  m  order  to  improve  it>.  ulmbility.  Four 
valves  will  In*  !«*»lcd  on  ojm -ration  d  )»  ts  for  at  least  one 
year  prior  to  fir^t  flight  of  the  SS*T.  AJtliough  not  com¬ 
pletely  rrpn-'cn  tativc  of  the  installation  in  tlie  supersonic 
transjxirf,  the  rigors  of  d.ulv  m  service  u*<  will  urvover 
any  areas  of  weaklier*  in  the  valve  for  which  corrective 
ac  tion  may  !>*  requi td. 

8  5.5  AIRPLANE  START  SYSTEM  TESTS 

Knginc  start  me  ti-Ls  will  la*  combe  ted  on  ll**  prototype 
nnd  on  tie*  certification  airplane.  I  trurm-nlation  will  lie 
in  t-dk-d  to  ohtam  data  on  the  a'  leu!  Marter  nir  tempera* 
turc«s  and  pri*  ores  and  tin*  in  flight  •  vironmenln]  tem- 
|M-rature  of  the-  •■tarter  to  veiify  the  qualification  tert 
jsir.oiK  tc  rs  seine  icd. 

8  6  Tuet  System  (RTF  3. 2.9.4  ond  3.2.101 

Fta  I  *v-|*n  d«  v »  lopmental  L-*U  will  he  run  to  provide 
i  nf<  ri.i  f«>r  d>  gn  of  the  fuel  s\^t<*m.  to  c-LnIJish  the  po- 
tinti.il  in^rvue  problem  areas  and  provide  solutions  to 
these  pnihb  ms.  Mid  to  confirm  tlx*  suitability  of  tlie  sv  stmi 
prior  to  m  flight  operation.  Might  ti'  t>  will  lie  conducted 
to  verify  and  c»  rtify  the  fuel  system  design. 

8  6  1  MODEl  TESTS 

Vent  exit  lifting  will  Ik*  niadm  toi  m  the  Hieing  super¬ 
sonic  nnd  tr.nw.riK  wind  1unn<I-  to  detennine  tlie  loca- 
ti«.n  nnd  c-onligur.it ion  of  the  tank  and  uivitv  vent  open¬ 
ings.  The  nb'iyir  jsirtion  of  lh>  tc- -to  g  will  !«•  n.ndoctcd 
Wi'li  an  ac-roclv  narna  pre^-uie  naxlol  in  lonjunction  w  ith 
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other  eierndwiamjc*  testing  However,  additional  to-ting  of 
larger  wale  vent  oj*rmng<»  Mill  alo  lie  cur  id  ue  ted.  im  ludi/if 
icing  i  har.uteri  .tics 

Thermal  environment  \«nl  »r»K  nil)  I**  cm  Ported 
with  s»  til  w  ale  fuel  tank-*  with  *.tru  lure  and  veil  air 
heated  to  until  iputid  distent  conditions 

0.6  2  COMPONENT  TESTS 

Kvalu.it ion  testing  of  vuriou.*  fuel  sWcm  comjionent*  will 
In*  conducted  on  vendor  designed  equipment  not  previously 
c*v’iIcl.i t**<J  bv  Boeing.  Thi*  IcMing  will  include  the  wing 
pivot  fuel  line,  lnxi->t  pumps,  coupling-*,  and  odicr  cornjx>- 
rienls  at  the  higher  lemj*  niturv  envirunnv-nt  required  for 
tlie  SST  'Huh  will  include  d»*tennirmlion  and  evaluation 
of  any  explosion  proofing  t«*  hniques  lh.it  may  lie  required. 

0  6  3  DEVELOPMENTAL  TESTS 

Thermal  testing  wd!  U*  conducted  with  a  full-scale  ted  rig 
of  representative  Elions  of  bxly  and  wing  tanka.  They 
will  have  provisions  fur  simulation  of  tlie  strict  oral  deflec¬ 
tion  of  the  wing  <  ind  the  procure  and  temperature 
envinmnw  nt  i  xjxn  tc  .r\  flight  and  will  include  all  fuel  ►>**- 
tom  cornjxmi  nts  within  the  tank,  The  ti- t>  w  ill  simulta¬ 
neously  d«  lemuned*  jmsition  cluir.u  teri-tics,  seeding,  main¬ 
tenance  tec  hn.jues,  fuel  management,  and  the  tluiracter- 
I  tics  of  fuel  flow  out  of  the  tank.  Rapid  descent  led*  will 
lie  conducted  »o  confirm  the  result*  of  the  -.mall -scale  vent 
test*  'Die  structural  deflec  tion  of  wing  cell*  and  pressure* 
and  tcnqwniturc  environment  will  In*  varied  through  rep¬ 
resentative  cycles  for  long  period*  of  letting. 

Initial  thermal  environmental  testing  will  lie  conducted 
in  a  small  tank  to  establish  test  coating  and  materia! 
characteristics 

0  6.4  COMPONENT  QUALIFICATION  TES^S 

Vendor-designed  cumfmnent*  will  lie  qualified  by  ibe  ven¬ 
dor  to  Boeing  «jws  iflentiona. 

Slosh.  vibration,  and  structural  deflection  testing  will 


}**  (undue  fed  on  fuel  tanks 

0  6  5  SYSTEM  DEVELOPMENT  TESTS 

Testing  of  the  fu»  f  f<«d  ^ v  tem  w  ill  lx-  ctinducl'd  w  ith  curo- 
|xon»*nt*  represe  nt  toe  of  rn  .n  tank*  and  fuel  bnc**  in  con¬ 
junction  with  tin*  engine  ground  r  test  Additional  fud 
feed  issleni  tc-*t  woik  .-t  elevated  temperature*  and  aJti- 
tud«*s  will  U*  conducted  in  e  or,  unction  with  (Tie  fuU-arale 
tank  use d  f.,r  the  the  mud  envi/onmerit  Uwtipft 

A  le*-t  wtuj,  of  the-  pressure  fueling  f\*t«fn  will  be 
usel  to  fMahleh  orifice  s.rc-s  and  to  investigate  surge  prtw- 
fcurvs  due  to  stirt  and  st/ip  of  fucJ  flow. 

0  6  6  PRERIGHT  TESTS 

FuH  syslc  rn  tests  conducted  on  the  airplane  1  adore  firat 
flight  area  ore: 

•  Fuel  tank  quantity  gage  calibration,  sump  volume, 
and  tfopjxd  fuel. 

•  Kngine  ■*!  svstern  |x  rformanee  and  o[wr*tion 

•  Re  fuel,  eli  fue  l,  and  dump  \vMem  njieration. 

•  Vent  s>»Um  ove  rflow  and  tank  pressure  tests 

8  6  7  CERTIFICATION  TESTS 

8  6  7.1  Fvel  Feed  Syitem  (CA*  4b  410 

ond  4b  4 131 

Fuel  feed  ‘•vdern  tc-d*  will  pnrnardv  rnn*-i»t  of  a  wnen  of 
ground  tests  to  (|.  rnnn*tr.de  that  the*  sv*-U-m.  when  oper¬ 
at'd  in  c 'injunction  with  the  complete  fuel  system,  will 
Mjpplv  the  required  epjant itic-.  of  fuel  at  tlie  dc-irrd  pres¬ 
sure  for  all  cimhin  ttionv  0f  airplane  oj»  rating  conditions 
Tlie  i  fleitM  of  rrudfum  turns  fuel  t\[*es.  and  OKitnmi- 
n.int.s  w  Jl  also  lie  di  [« rmined  wln  re  pn  sddr  hv  analvM*  or 
ground  test. 

Flight  te^ t s  will  Ir  rondo- 1 id  ns  neecssarv  to  verify 
the  result*  of  ground  tiM*  and  annly’-is 
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0.6  7.3  Fvtl  Took  ood  Cavity  Venting 
Systems  ICAI  4k.42k) 

Ground  (rating  of  the  venting  •>  stems  will  be  acre *»« 
pli  died  in  conjunction  with  l he  ground  testa  of  tlie  fuel 
feed  nystern  outlined  abov®. 

Flight  testing  of  tin*  v«-nting  *>  spins  will  be  conducted 
to  wippltimiit  11m?  ground  tent  rwulu. 

0  6.7.3  Fv®l  Dumping  1C  A*  4S  4375 

It  will  be  defiviastrali-d  tluit  (lie  minimum  flow  require* 
•nenla  a  re  met,  l)u»t  minimum  rwrvf  fuel  cannot  bo 
dumfM-d,  and  tluit  fuel  does  not  impinge  upon  or  enter  th® 
kin. raft  dunng  operution  in  the  design  operating  envelop®. 

0.6  .7 A  Fuel  Gorjing  ICAJt  4b61 3) 
and  4b  7361 

Tlw*  fuel  gaging  (quantity)  b\«tem  will  Iw  calibrated  dur¬ 
ing  ground  ti-sts  in  the  level  attitude.  Trnpfud  fix*!  quanti¬ 
ties  and  fuel  tank  exjiansion  bpafx1  will  1m*  detcrminod. 

Might  ch<*»  kn  will  la*  made  during  Op*  flight  tent  pro¬ 
gram  on  an  irntrurnenh-d  aircraft  to  detconinc  tlie  effect* 
of  flight  attitude*  and  accelerations  on  li*e  quantity  indi¬ 
cating  aystem. 

0.6  7  5  Fuel  Monog®rn«nt  (CAK 
4b  740  ond  4b  7411 

Aircraft  (winner  will  be  maintained  in  flight  by  the  ached- 
uled  use  of  fuel  from  each  tank. 

The  adequacy  of  the  pom-durei  to  be  proposed  in  th® 
Airplane  Flight  Manual  for  fuel  management  will  be 
evaluated  during  the  flight  U-st  prtgrara. 

0  6  0.  ACCEPTANCE  TESTS 

Performance  testa  w  ill  lie  anximph  hed  to  demonstrate  that 
the  fuel  system  meets  all  requiri-d  operational  rharacteria- 
tit's  as  act  forth  in  the  airplane  detail  specification. 
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9  0  RELIABILITY,  MAINTAINABILITY, 
SERVICEABILITY 

In  order  In  mluhii'  tf*  (‘lining  |ii»vM  r  t>f  il*-  SST.  Boeing 
i*.  folio* mjj  il>  -t.indird  |irmiiiuri'  of  « pio- 
pul" ion  r>)  stern  r«  li.iliili(  \ .  ru.iin(airuhilif  \ ,  und  m/akt- 
abdity  during  t)w*  d*.Mgn 

9  !  Relicbilify  IRfP  2.12,  4.10) 

fX't.iils  of  programmed  reliability  mimin'*  ran  !*•  found 
in  Station  5.0  of  Volume  V-ll. 

9  1.1  ENGINE  (RFP  7  15  7,  3  7  9.1) 

TIm*  sulManhatio'i  i  by  extended  ifidufuni**  tilling)  of 
an  initial  in  ^nia*  «ngine  time  liet*Mii  overluiuU  of  GOO 

fxiupi.  a*  s[«n  ifi«*d  in  tin-  l(H\  is  rorwdrinj  a  realisti¬ 
cally  attamnMe  nhpstixr.  TIh1  f#«ner  1  hint  nr  (omj*any 
has,  houcwr,  indu  itui  in  its  preliminary  data  lh.it  it 
plans  to  at  huAc  a  t im m*  U  lunn  overhaul  of  GOO  Lo  10U0 
hours  at  the  tart  of  an  lint*  m^kv,  *ilh  an  eventual  4000 
hours  between  overhaul*  with  no  niwl  j»nnt  inflection 
Furtlier  dis*  us-'on  of  engine  r  liability  and  main 
tamah'lity  obj**  ti\es  in  runLuned  in  1‘ara.  ll.fi.4.2  of  thia 
volume. 

fit  liability.  safety,  and  nviint.iin  ibility  wil1  In*  care¬ 
fully  miwd<  r«*<!  during  Booing's  exnluation  of  tin*  engine 
mnnuhcturers*  projio^ilM.  After  FAA  soli*  lion  of  the  en¬ 
gine  associate,  Boeing  will  Like*  tlie  tint  inti  •  e,  n  coojiorn- 
lion  with  the  FAA.  to  onsun*  de\rt  pn>- a!  of  mutually 
satisfactory  rvluibt!  tv,  safety,  and  m.  a. (inability  ohjtx  • 

1 1 vos  nnd  n*fjuironvnt.\  with  partictiV  r  emphasi*  on  the 
ultimate  customer*’  requirement*. 

912  ENGINE  STARTING  SYSTEM 
(REP  3.7.9  3) 

The  probability  of  «u<*<i**vfully  Martin*  all  four  cngir*-* 
ii  estimated  to  1)-*  f<*.M  |wnvnt.  Liking  into  mimint  all 
corr|**nent«  in  the  u'-lcni  dirctlly  related  to  starting 
start*  rs,  regulating  wd\t\  i  1hs  k  \nl\es,  and  electrical 


>.wit<)**s.  Rw-tl  on  '*  ri  hour-  |»-f  fl  •'lit.  ;)**  i-urrif  »or>d- 
ing  rualfurii  linn  into  i»  p,edi<  1<«I  to  In-  or*  \wt  14*10  flight 
)>‘  urs  An  hh.iIno*  of  Marling  »\M*-m  rHmHitv  » 
‘•howr,  on  fig  •«  J  'flu-  high  dogr<*  »»f  re!i:ihiht\  derive* 
from  extensive  lowing  ixj^rufuo  in  tt*-  cb'\r-lof>m**nl  of 
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jmeumatic  *t  .rttng  M^trm*  77**  regiJator  valve  haa  two 
manual  ovr.ridr  features  77w*  ball  swiUher  (pilot  valve), 
a  hu  h  in  normally  ujx-ralcd  bv  nr  cits  tract]  solenoid,  tan 
lx*  ojaTHtitl  dirts  tlv  bv  pudiing  a  bjtton.  71a-  other  uvef- 
ride  feature  is  tlie  main  butterfly  valve,  which  u  nor- 
mills  MiN'ratai  pneumatically  but  ran  I**  op-rated  miinu- 
ally  bv  applying  a  ►  tanclard  wrench  at  (lie  end  of  the 
butterfly  valve  aJiaft 

9  1.3  FUa  SYSTEM  (RFf  3.29.4 #1 

The  following  feature*  o f  the  fuel  nystem  contribute  to 
iU  inher  nt  reliability: 

•  There  are  two  pumps  in  each  tank,  either  of  which 
**  ill  furnish  the  engine 'a  fuel  requirement*. 

•  Klictridl  power  is  siifif.hfd  ti  the  irdividuai 
pump*  of  each  tank  fro.n  m  pirate  A.C.  power 
buses. 

•  The  engine  jump  nr '.II  suck  the  fuH  from  Die  main 
tank*  in  cfl'e  of  total  drctrical  failure. 

•  77»e  -vvtem  is  designed  to  prevent  inadvertent  re¬ 
versal.  me- mating,  or  improper  connections  of  lines 
and  electrical  connection*. 

•  Thermal  pressure  relief  is  provided  where  trapped 
volumes  may  r*i*t. 

•  Surge  pres.- tires  resulting  from  valve  .Insure*  are 
held  below  proof  pressur*  of  the  r-ysU-m  by  con¬ 
trol  of  valve  operating  rate*. 

•  (*onijr>ncnl.s  requiring  orientation  to  provide  °or- 
rect  flow  directum  are  deigned  ho  that  the'-  can¬ 
not  l«e  installed  improjierly. 

•  Wherever  possible,  fuel  lines  are  routed  through 
fuel  tanks  to  minimt/c  external  fuel  leakage. 

•  Ground  d*  fueling  i-  controlled  by  a  shutoff  valve, 
mamnllv  Jictuatid  on  the  ground  only  The  ground 
refueling  access  d'x.-  annot  lx*  closed  unless  tb* 
\rthe  is  in  the  ckwd  position. 

•  IkxM  jiurnjts,  valves,  and  gages  have  check-out 
raj*  hi]  i  tie*. 


•  Kngine  kIiuIoIT  and  rrx^w  lied  manifold  valve*  ara 
powertd  by  ll**  i-ssmtial  electrKaJ  k)ktem  and  • 
►jx*  ml  lottery  but 

•  77**  fuel  rrutndoid  allow  fuel  from  any  tank  to  be 
used  by  any  engine. 

A  r:*|»r»-*eiitiilive  muiIvms  of  tlx*  r  fleet  of  ll*  failure 
r*f  >.j«ecifit  ctJinjx^rH-nU  on  irusMon  cajiahilit)  u  shown  If) 

Ft?.  ‘>-1 

9.1.4  INLFT  CONTROL  IW  3  2.9.41 

A  numerit al  relmb  lity  annlvsts  Itai*  lx*-ti  made  Ir*  Hamil¬ 
ton  Standard  iMi-ion  of  I'niPd  Am  raft  (orjioratain  to 
estimate  tlii-  r»  liability  of  it*-  j»ropr*d  irdet  automatic  con¬ 
trol  i-ysti  rn.  Data  vu  ie  taken  from  ll/J/>//X)  b>jun»  of 
Hamilton  Standard  exprienir  with  jet  engir*e  fot  1  controls 
whuh  contain  urnilar  lvp-s  of  <omjxm*-ril\  7*h»s  eijxen- 
ern r  mis  shown  the  following  average  prem.it  urr  n-movaJ 
j*  *1.  Mri  hours,  avir.ige  inflight  shutdown  period, 
INUm)  hour'-  (e-t  I,  mean  time-  l»ltui-n  partial  failure* 
( j*  rf«»rrn:in(t*  chgrud.it  ion  I ,  ll’V)  hours.  I’tili/mg  tl**  fueJ 
control  t  '•> -Hi-ne’e  a s  a  guide,  tlie  mean  tmr  lx  tween  fail¬ 
ure"  (Ml  i'.K)  for  total  failures  ma .  J»»-  iU>  lr  ns  much 
as  f\  times  as  high  as  for  part  ml  injures,  or  almut  .I*, 000 

houis  M77»F. 

Due  'o  diflu  ulti<*s  cnjwriefHxd  in  w-jn~»t*ng  actual 
failure  uMurn  n«ts  from  n  jw»rtcd  nrrurn  nm,  tlie  esti- 
nvntis  an  Ixlievi-d  to  lx*  mute  conservative,  >xj  chat  the 
true  MTHF  txi.iv  lx*  mu«  h  hirher  tlrnn  ^tn!4•d  In  addi¬ 
tion.  (he  ri  liahihl  v  program  pn»jx*^*d  bv  Mainillon  Stan¬ 
dard  is  rxpsted  to  n-"ult  n  ‘.gr.ifirant  n-duc  tains  in  fail¬ 
ure  rales  from  those  expr-nen  .-d  on  yt  rngirx-  fu»^  rnn- 
trols  |tx-inc  will  establish  a  d«-s»gn  cm!  for  thr  inlet 
control  of  'U*in  hours  MTHF  (jx-rfomwncT  dr^riada- 
tmnl.  Tr-st  nspjireiTV-nts  w  ill  lx  estal  lehed  in  the  pro- 
run-rnent  *pt ifi<  ation  to  provide  a  rrris.naMr  assurarwt 
of  achieving  this  objective. 
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9.2  Maintainability  (RFP  2.11) 

9.2.1  ENGINE  (IFF  3.2.9.11 

The  propulsion  pod  is  se[Mrated  into  three  major  compo¬ 
nent*:  the  ii.let,  the  engine,  and  the  exhaust  wetions.  The 
inlet  and  exhaust  sections  may  l>e  removed  from  tl.e  air¬ 
craft  individually  for  shop  overhaul  or  other  heavy  main¬ 
tenance  and  replac'd  with  serviceable  umt.s.  Fig  9-3  de¬ 
pict*  typical  ground  handling  techniques  for  propulsion 
pod  component*. 

Structural  provisions  for  attaching  the  jxxf  hand¬ 
ling  fittings  are  provided  in  the  wing  lower  surface.  The 
entire  propulsion  pod  mav  he  removed  or  installed,  or 
the  exhaust  and  inlet  sections  may  he  removed  and  in¬ 
stalls!  individually,  by  use  of  the  proper  fittings. 

Dejiending  on  customer  mod.  spare  engine  buildup 
mav  consist  of  either  or  both  inlet  and  exhaust  Motion* 
in  addition  to  the  basic  engine.  Differences  in  buildup 
installation  are  held  to  n  minimum  to  enable  neutral 
engine  buildup  conversion  to  any  position  with  a  mini¬ 
mum  of  maintenance  effort. 

9.2. 1.1  Engine  Replacement 

The  power  plant  assembly  is  attached  to  the  engine  strut 
with  three  cone  Kilts  which  provide  self  alignment  dur¬ 
ing  installation.  All  engine  plumbing  to  the  aircraft,  ex¬ 
cept  fuel,  runs  through  a  disconnect  panel.  Hydraulic  lines 
use  self-sealing,  quick -disconnect  couplings.  Electrical  dis¬ 
connect  is  accomplished  at  a  common  bulkhead  by  self- 
locking  pings  and  receptacles  which  require  no  safety  wire. 
Engine  controls  are  connected  with  the  airernft  by  a  quick- 
disonnnect,  self-tendoning  coupler  eliminating  the  need 
for  cable  rigging  during  engine  change. 

Power  phnt  assembly  replacement  is  accomplished 
in  the  follcwipg  sequence: 

•  Remove  engine  side  cowling. 

•  Attach  hoist  lugs  to  lower  surface  of  wing. 

•  DiMonnect  plumbing. 
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•  Disconnect  engine  mechanical  control* 

•  Disconnect  •  lectrical  connector*  at  firewall. 
Attach  hoist  and  lift  engine  using  lower  wing  wr* 
fact*  fittings  to  unload  cone  fitting* 

•  Position  transportation  trailer,  remove  rone  bolt 
nuts,  and  lower  engine. 

Installation,  in  addition  to  rev»  .*  g  tlxe  above  pro¬ 
cedure,  require!)  torquing  of  cone  bolt  nut*. 

9  2  2  INLET  SECTION 

Opening  of  ci.gine  side  cowl  panels  provides  access  to  the 
inlet  assembly  attach  bolts,  hydraulic  disconnect  point*, 
dour  position  switch  wiring  cunwxlor,  and  various  prvsi- 
mafic  M*nsing  lines  requiring  disconnect  prior  to  inlet  re¬ 
in-  «’  The  position  of  all  inlet  doors  can  be  visually 
vercied.  'Die  actuators  for  the  power  d  bypass  door*  are 
conveniently  ex|Kwd  by  opening  the  engine  section  cowl¬ 
ing.  The  actuator  for  expanding  the  center  body  ia  in  the 
nose  outride  the  cowl  front  lip  and  accessible  through 
the  removable  nose  cone,  Element*  of  the  automatic 
powend  subsystem  control  ore  also  «i>y  to  reach  by 
owning  the  pod  cowling.  If  prrflight  operational  check* 
of  the  inlet  control  system  are  desirable,  a  simple  on  board 
PM  unit  will  U*  <levclo|H*d.  Giound  equipment  must  be 
uMd  when  comple  te  maintenance  checkout  and  calibra¬ 
tion  of  the  inlet  system  is  required. 

9.2.3  EXHAUST  SECTION 

Boeing  will  mo  litor  maintainability  during  design  and 
development.  Tlie  folio  vjng  objectives  have  been  estab¬ 
lished: 

•  Time  between  overhaul  of  all  component*  on  the 
exluiust  section,  including  controls,  will  be  the 
same  as  the  engine.  Target  is  4000  hour* 

•  All  comjxinents  (eg.  burnings  bearings,  wal") 
will  have  replaceable  wear  surfaces  where  thia 
pmvides  h  signifuan*  advantage  over  lomplrt* 
component  replacement 


Propulsion  Pod  Ground  Handling 


•  Minna  will  be  provided  lor  powered  ground  opera-  Maintenance  procedure*  ol  the  exhaust  section  wall 

tion  of  (lie  actuators  without  running  an  engine.  lie  similar  to  those  lor  pre-ent  eommerrial  jet  transport* 

•  Control  valves  and  device*  will  be  replaceable  The  entire  exhaust  section  is  removable  Irom  the  en- 

without  disrupting  cable  systems.  Reference  points  gine  case  nft  face  for  overhaul  or  heavy  maintenance, 

or  rig  pins  will  lie  provided  (or  rigging.  All  rig-  Access  to  the  attach  holt*  is  through  the  engine  side  cowl 

ging  measurements  will  he  linear  and  lie  taken  and  augmentor  case  cowling.  All  hydraulic  and  ehctrical 

between  Hats  or  index  marks  on  the  appropriate  disconnect*  am  also  acies-iUc  thn'ugh  the  engine  side 

component*.  and  nugmcnlor  rase  cowling.  Pro  rigging  ol  the  exhaust 
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assembly  component*  prior  to  engine  installation  pro- 
vides  minimum  system  adjustment  at  installation.  The 
secondary  air  inlet  door  actuator*  and  no/zle  are*  con¬ 
trol  and  rvverser  actuators  are  accessible  by  removal  of 
the  augmentor  case  cowling. 

Ground  opemtion  of  the  exhaust  *\ stem  secondary 
air  inlets,  nozzle  arm  control  compoi'ents  and  reverser 
cover  panel  is  accomplished  by  a  low  capacity,  external 
hydraulic  supply  cart  attached  to  suitable  ground  aerv- 
ice  connections  at  tta  engine.  Such  ground  operation 
permita  routine  line  maintenance,  security,  and  rigging 
checks. 

t.2.4  FUR  SYSTEM 

SST  fuel  system  maintenance  requirements  are  similar 
to  those  of  currrnt  commercial  jet  transports.  The  equip¬ 
ment  now  in  use  for  fuel  tank  purging  and  inspection  is 
directly  applicable. 

Body  fuel  tank  maintenance  techniques  are  similar 
to  those  used  on  the  Mode!  707  center  wing  tank.  Fuel 
cells  are  replaceable  individually  through  access  plates  in 
each  tank  hay,  and  the  interconnect  concept  U  the  name 
as  the  Model  707  installation. 

Wing  tank  maintenance  and  inspection  if*  aceom- 
olishcd  through  conventional  access  plates  in  the  win* 
lower  surface.  Ample  fuel  dams  are  installed  in  w  ing  tank 
insulating  space  to  permit  isolation  of  any  fuel  Irak  to 
an  area  between  riba. 

Fuel  tank  boost  pumjK.  drip  sticks,  and  fuel  tem¬ 
perature  probe*  can  lx*  replaced  without  entering  or  de¬ 
luding  any  tank.  The  wiring  from  the  fuel  quantity  tank 
sen-ing  unit  requires  onlv  one  conmvtor  and  cable  to 
carry  tlx  total  signal  from  euh  tank,  7his  |icrmit*  use 
of  a  splice-free  wiring  system,  eliminating  a  souri-e  of 
s\s|em  malfunction. 


Fuel  system  plumbing  U  replaced  in  a  conventional 
manner.  The  use  of  mechanical  connections  eliminate* 
the  need  for  welding,  swaging,  or  cutting  on  the  aircraft. 
All  motor-operated  valves  in  the  fee*  system  are  eith*r 
totally  exjxwd  or  semi-subrnerg'd,  requiring  no  tank 
penetration  or  plumbing  disconmct  to  replace  motor  and 
gate  valve  assembly  Manual  override  handlca  are  pro¬ 
vided  on  all  valves  for  ground  ope  ration  without  electrical 
power. 

Routine  line  maintenance  requirements  for  fuel  pro- 
sure  check*  may  he  accomplish'd  with  the  fud  boost 
pumps.  All  plumbing  not  inside  fuel  tank*  U  accessible 
through  access  plates  to  nnomplish  required  leak  checka. 

Ground  fuel  transfer  for  maintenance  purpose*  can 
be  accomplish'd  by  use  of  the  fuel  system  electric  boost 
pumps,  bv  proper  selection  of  dump  and  refuel  valve*,  or 
by  use  of  a  manual  valve  in  the  cross-feed  system.  Do- 
fueling  is  accomplished  by  connecting  to  the  refuel  mani¬ 
fold;  no  special  equipment  i*  required. 

9.2.5  ENGINE  ANALYZER— MAIN  TEN  AN  Cl 
ANALYSIS  AND  RECORDING 

As  a  means  of  reducing  mnintennmt*  costs  and  improving 
Mhedule  adherence,  the  u^c  of  a  flight  maintenance  analy¬ 
sis  and  reiording  system  i*  under  consideration  for  the 
engines  and  engine  accessories  usid  on  ll»e  SST.  By  moni¬ 
toring  and  anal  wing  engine  performance,  thi*  system 
assists  in  pinpointing  pn  'wiUe  failure's  for  preventive  ac¬ 
tion.  The  iwitentiil  UiwtiS  from  tlie  system  mav  be  con¬ 
siderable.  However,  prwnf  installations  in  military  *nd 
commercial  aircraft  are  cxjMrmvntal,  and  further  evalua¬ 
tion  of  efTictivcness  and  reliability  is  icquirrd. 

The  w stern  provide-  inform  tion  in  two  wax**.  First, 
the  on-Umrd  display  affords  a  quit  k  look  at  tire  data  be¬ 
ing  act  umulapd  and  indicates  any  significant  out-nf-lol* 
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rrance  c»ni!iti<mt  to  tho  flight  crew.  Swnd,  the  data  are 
rmmhd  on  mngnHir  tain-  fur  later  (Irtailcd  analyses  at 
Itruund  facilities  by  general -pun***'  computer*,  such  a* 
those  generally  nvmlaUe  at  airline  installation*. 

9.3  Un«  Maintenance  and  Inspection 

The  power  plant  installation  is  designed  for  ease  uf  line 
maintenance,  in*|>ection,  and  servicing.  TIm?  side  cowl 
panels  are  equipped  with  quick  -opening  latches  and  tubu¬ 
lar  supjKirts.  The  panrln  can  be  removed  or  secured  in 
the  oj*  n  position  without  s|xvial  tools,  thus  exposing  the 
complete  engine,  including  all  accessories,  for  inspection 
and  maintenance. 

With  the  airplane  in  the  normal  parked  position, 
all  engine  components  are  less  than  10  feet  al»ve  the 
ground,  and  all  engine  driven  accessories  are  leas  than 
seven  feet  above  the  ground.  Any  acrrrwjry  can  he  re- 
plnced  without  removal  or  loosening  of  another  accessory. 
Filter*  anti  sump  plugs  requiring  periodic  servicing  are 
rnidih  acves-ilile.  Particular  attention  was  given  to  elimi¬ 
nating  cowl  wear  point*.  Where  this  is  not  possible,  easily 
replaceable  rub  s!ri|>s  are  provided  on  cowl  wear  surface*, 
and  nil  cowling  hinge  points  are  bushed  for  repair  rase. 

Positive  mesiiiH  of  indicating  position*  of  the  cowl 
latches,  of  the  inlet  and  exhaust  system  doors,  and  of  the 
removable  portion  of  the  inlet  centerbudy  will  he  provided 
for  rase  of  conducting  walk-around  inspection. 

9.4  Serviceability 

Rapid,  easy  access  is  provided  nil  along  the  engine,  from 
inlet  actuator,  to  exhaust  flange,  by  opening  the  engine 
cowl  pmcR  Owning  the  panels  expo****  nil  engine  com¬ 
ponents  and  mat'swirus  which  require  servicing.  Aren* 
to  engine  mounts,  wire  Imndles.  plumbing,  ducting  and 
engine  instrumentation  is  ata  provided.  All  items  within 


the  engine  i-omimrlment,  su*  h  as  oil  filler,  hydraulic 
fluid  filter,  and  the  fuel  control  filter,  whkh  require 
periodic  removal  and  in-j*<tion,  are  rt movable  without 
disturbing  any  other  system  or  engine  accessonea. 

Tlie  fin*  extinguisher  pressure  gages  and  discharge 
indicators  ran  lx*  imjss  tr-d  from  the  ground  through  a 
sight  glass  without  opening  a  panel. 

Access  for  oil  filling  through  a  separate  door  elimin¬ 
ates  the  mvossity  for  oix-ning  the  main  cowf  panel*. 

The  design  oh  jet  lives  for  engine  component*  is  a 
minimum  of  TOOO  hour*  Ix-tween  overhaul.  The  detail 
specifications  for  purchas'd  equipment  on  the  engine 
reouirt*  qualification  testing  which  will  ensure  satia- 
factory  operation  to  meet  thia  design  objective. 


-<«  -*(« 
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10.0  NOISI  SUPPRESSION  ( RFP  2.6.1,  2.6.2, 
2.6.3,  3.2.9,  and  3.2.16) 

10.1  Ctntnl 

S|Mvinl  noise  suppressors  will  not  1*  required  to  hold  the 
community  noi.se  generated  by  the  engine  to  levels  com¬ 
parable  to  j<  t  engined  in  international  operation  today.  A* 
noted  in  Volume  A  V,  Aerodynamics,  and  Volume  A-VII, 
Systems,  the  takeoff,  landing,  and  ground  noise  require* 
monta  of  the  KFP  are  satisfied.  Noise  characteristic*  will 
be  closely  scrutinized  by  the  engine  and  airframe  manu¬ 
facturer*  throughout  the  design  of  the  engine,  the  inlet, 
and  the  exhaust  system. 

To  determine  whether  noise  may  be  further  reduced, 
the  capability  of  Boe  ing’s  acoustic  research  group  and  the 
acoustics  model  jet  facility  are  employed  in  a  continuing 
effort  in  support  of  thcSST  program.  Potential  approaches 
for  noiae  suppression  are  presented  in  this  section. 

10.2  Potential  Approach#*  for  NoUo 
Supprctilon 

10.2.1  INliT  NOISI 

Inlet  noise  consist*  primarily  of  discrete  frequencies  gene¬ 
rated  in  the  compressor  blading.  There  are  three  main  ap¬ 
proaches  to  reducing  this  noise:  (1)  source  reduction  by 
tailoring  compressor  design;  (2)  transmission  blockage  by 
choking  inlet  flow,  and  (3)  transmission  attenuation  by 
wall  absorption  along  the  inlet  duct.  The  first  approach  ia 
the  subject  of  intensive  investigation  at  Boeing,  at  the  en¬ 
gine  manufacturers,  and  at  report  h  laboratories.  It  has  been 
demons! rated  that  varying  the  axial  spacing  between  the 
compressor  blade  rows  and  canting  the  stator*  can  markedly 
improve  |a*rreived  noise  in  the  speech  interference  range, 
nit  hough  overall  vaind  levels  may  remain  unchanged.  Vary¬ 
ing  the  numU-r  of  blades  in  one  compressor  stage  in  rela¬ 
tion  to  the  number  in  ndjaernt  stage**  has  produced  favor¬ 
able  result*.  The  effect  of  other  compressor  aerodynamic 


design  variaMe*  witf  re*»pect  to  noise  generation  U  bring 
studied.  Although  i.nder  continuing  study  the  second  ap¬ 
proach,  transmission  bl<*  kage,  ha*  not  been  accepted  a* 
practical  bs.-au.se  of  distortions  induced  at  the  compreaaor 
inlet  face.  73ie  th.rd  approach,  transmission  attenuation, 
hax  bt«-n  .successfully  applx-d  in  a  relatively  short  inlet  duct, 
as  shown  in  Fig.  10-1,  and  should  produce  even  better  r#: 
fiulta  in  a  duct  of  longer  length.  The  absorptive  lining  may 
be  of  two  types:  broadband  absorptive  material,  such  a a 
fiber  glfivi;  or  tuned  remnant  lining,  which  Is  effective  over 
a  relatively  narrow  frequency  range  but  is  immune  to  dam¬ 
age  from  watersoaking  and  similar  operating  condition*. 


EXZJ  Sowmf  Abiorpfiv#  Inlwt 
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10.2.2  JfT  NOISC 

There  are  few  practical  suppre*«ion  technique*  which  can 
be  applied  to  a  fiver  high  exhaust  velocity  engine.  They 
are  variations  of  the  concept  of  accelerating  induced 
■econdnry  air  and  miiii.g  with  the  primary  stream,  with 
the  comequent  reduction  of  the  relative  velocities  between 
the  jet  and  ambient  air.  Figs.  10-2  and  10-3  illustrate  home 
of  the  se  findings.  The  two  suppressors  n»ost  successful  to 
date  are:  (1)  the  divided-flow  nozzle,  ifrlmh  contains  whnt 
may  be  thought  of  as  intcmnl  ejectors,  illustrated  by  Fif. 
1 CM;  end  (2)  the  divided-flow  (or  corrugated -boundary) 
nozzle  plus  external  ejector  shell.  Variable  area,  convergent- 
divergent  ejector  nozzles  such  as  used  by  two  of  the  engine 
r  anufactun  ni  pm, vowing  for  the  supersonic  transport  can 
b*?  adapted  to  he  second  approach.  Large  volume*  of  sec¬ 
ondary  air  can  be  pumped  into  the  nozzle  by  the  proper 
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tailoring  of  the  ejector.  This  air  is  accelerated  and  miiad 
with  the  primary  flow  at  the  nozzle  throat  by  special  flow- 
dividing  air  passage*  moved  into  position  when  tuppre*- 
sion  is  desired  (Fig.  10-5).  Another  approach  is  to  displace 
alternate  segments  comprising  tin*  ejector  exit  variable  area 
con t ml  radially  in  order  to  provide  a  comjga*ed  exit  shape 
for  mixing  the  exhaust  gave*  with  t)»e  fm- stream  flow 
(Fig.  10-6).  These  approaches  are  under  study  to  deter¬ 
mine  the  potential  pcrfo.tnance  in  noise  reduction  and 
nozzle  efficiency.  No  mdit  lias  las*n  taken  for  any  potential 
noise  suppression  in  tlie  calculation*  included  in  thia  pro- 
pos.il.  If  other  •  are  found  to  fhow  promise,  they 

will  lie  thon  jghly  invest  igaU*d.  Any  application  must  he 
consistent  with  airplane  requirements,  such  as  small  thruat 
loss,  small  aerodynamic  drag,  light  weight,  and  compati¬ 
bility  with  thrust  reverser  and  augmentor  operation. 
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11.0  INGINI  SELECTION  AND  DEVELOPMENT 
dtfP2.23,  Ut.U 

11.1  Introduction  (RFP  1.0) 

For  several  yean*,  The  Bering  0\jtnp.iny  haa  studied  the 
engine  selection  for  the  SST,  investigating  wide  vana 
tions  in  engine  cycles.  The  engine  companies  and  .'.ASA 
have  also  contributed  significantly  to  the  cycle  selection 
effort  In  the  early  Boeing  studies,  technology  similar 
to  that  offered  by  the  J58  and  J.q3  engine*  waa  used. 
When  designing  either  fixed  wv ig  or  variable  sweep  air¬ 
planes  for  cruise  sp»rds  between  Mach  2.5  and  3.0,  and 
ignoring  the  transonic  boom  considerations,  the  engine 
choice  consistently  was  a  low  bypass  turbofan.  Change* 
in  turbine  technology  and  *  re-evaluation  of  tonic  boom 
problem*  alter  this  result 

The  subsequent  NASA  SCAT  program  (Contract 
NAS  1-25S0),  in  which  The  Boeing  Company  partici¬ 
pated,  resulted  in  two  broad  conclusions:  (1)  high  turbine 
in  temperatures  and  low  engine  specific  weight  are  re- 
quind,  and  (2)  the  turbofm  was  the  optimum  cycle 
for  the  SST.  However,  the  engines  used  for  the  SCAT 
program  were  NASA  study  engine*  in  which  the  fans 
had  somewhat  letter  cruise  performance  characteristics 
and  lighter  weight  than  the  presently  offered  engine*.  Also, 
the  SCAT  minion  requirements  were  different  from  the 
present  Request  for  Proposal  (RFP)  requirement*. 

In  determining  the  engine  which  The  Boeing  Com¬ 
pany  fee  la  best  meets  the  RFP  mission,  consideration 
was  given  to  the  engine-airplane  technology  and  it* 
technical  cubntnnti.it ion,  the  advanced  design  feature* 
offered  in  the  engine,  and  an  evaluation  of  each  engine 
manufacturer's  capability  to  carry  through  a  successful 
commercial  engine  program. 

Ba**d  on  the  preliminary  engine  performance  data 
supplied  by  the  engine  manufacturers  on  November  15, 
19»V1,  and  sulrequent  nvMjificntinn*.  the  General  Klectric 
GE4  J4C  turbojet  de<igned  for  2200'  F.  cruise  turbine 
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temperature  and  the  Curtiss  Wright  TJ70  resulted  Id 
lie  lightest  gross  weight  airplanes  by  about  a  10  to 
15  portent  margin.  However,  the  Curtiss  Wright  maria 
perfonrume,  engine  v.t  .ght  technology,  and  turbine  cool¬ 
ing  Uxlini^ue*  luive  not  U-i-n  sub^  tun  tinted  to  the  aam* 
dr-gns*  as  tho***  off*  r»d  in  eith«  r  the  General  Klectric  Of 
Piatt  &  Whitney  eng*n<-s.  Heme  the  TJ70  apjmar*  to  be  • 
greeter  n*k  than  the  General  Klectric  «*ngine.  The  GK4  J4C 
engine  (Ref.  19)  waa  HclocUd  aa  the  basic  engine  for  th* 
Boeing  proposal. 

Although  the  GE4  J <C  engine  appear*  to  be  th* 
correct  ch'»if>e  for  the  propped  airpUne  bised  oo  th* 
current  RFP  mission  end  engine  d'ta,  t)ie  Boeing  coo- 
figuration  lends  itM  If  to  u**  of  any  of  tl»e  offered  engine* 
in  the  event  that  a  different  engine  u  desired  by  th* 
FAA  or  the  airlines  in  the  final  evaluation.  The  per¬ 
formance  of  the  Boeing  SST  airplane  with  tiw  other  pro¬ 
posal  engines  Is  coven d  in  Volume  A  V,  Aerodynamic*. 

Tlie  following  sections  will  disojs*  the  apeo/ic  char¬ 
acteristic*  of  the  engine*  offend,  the  general  matching 
characteristics  of  the  ergme  cycle*,  and  the  design  air- 
plane  gn>vs  weight  which  n-ult*  with  each  of  the  en¬ 
gines.  A  technical  review  and  disru^ion  of  comimnent 
technology  is  presented  An  initial  appraisal  Is  made  of 
the  rrlctive  development  statu*  of  each  of  the  engine* 
and  of  (lie  demonstrated  capabilities  of  the  engine  manu- 
fnrttmrv  Comparative  installation  feature*  are  discussed. 
A  rnoie  detailed  review  w  ill  lie  submit  lid  in  Map-h,  19G4, 
a*  requested  in  tiie  RFP. 

11.2  Discussion  of  Offered  Engines 
11.2.1  BASIC  FEATURES 

The  hnsic  chnnctrrkt  \cs  of  the  engines  proposed  for  th* 
SST  are  summarized  in  Fig.  11-1.  Each  engine  manu¬ 
facturer’*  specification  baric  thrud  and  airflow  sire  ar* 
shown.  All  the  engine*  are  scalable  except  the  JT11F-4. 
The  distinctive  features  and  important  design  panun* 
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etera  are  diHcusaed  below: 

TJ70  Cur right 

•  Single  Spo'd,  two  bearing  rotor. 

•  Single  stigo,  highly  loaded,  transpiration  cooled 
turbine  operating  at  2100  F  maximum  continu¬ 
ous. 

•  Variable  geometry  turbine  diaphragm  and  exit 
nozr’e. 

•  Cuse  ’ug  nozzle.  (Subsequent  to  November  15, 
lOTvl,  this  nozzle  was  changed  to  i  oonvcrgent- 
divcrg<*nt  plug  nozzle  with  variable  flap*.) 

•  Reverv?r  included  with  engine. 

TTiia  engine  has  extremely  high  aspect  ratio  com¬ 
pressor  blades  which  are  a  high  risk  item  because  of 
structural  dynamic  problems  which  may  arise.  In  fact, 
the  whole  compressor  design  may  hnve  to  be  changed 
because  the  short  chords  may  lead  to  poor  low  speed 
matching  characteristics. 

The  engine  has  a  high  thrust  weight  ratio,  but  it 
incorporate  a  variable  turbine  nozzle,  a  variable  pri¬ 
mary  nozzle  and  n  variable  divergent  nozzle.  These  are 
features  which  usually  cost  extra  weight  in  engine  de¬ 
sign.  The  engine  nozzle  originally  proposed  was  a  simple 
cusp  plug  which  had  poor  measured  performance  in 
the  Boeing  test  facilities.  The  nozzle  was  changed  to 
the  present  design  with  no  weight  increase. 

Variable  geometry  turbine  nozzles  have 
not  achieved  a  high  degree  of  development  and  are  not 
UM-d  on  any  present  engines.  This  feature  is  mandatory  for 
m  dry  turbojet  on  an  SST  to  obtain  good  low-speed  per¬ 
formance. 

GE4  J4C  General  Electric  Augmented  Turbojet 

•  Single  spool,  three  bearing  rotor. 

•  Variable  stator  compressor  (9.5:1  pressure  ratio 
in  7  stages), 

•  Two  stage  turbine,  convection  plus  film-cooled, 


o|«rating  at  2200  F  maximum  continuous. 

•  Full  augmentation  afterburner. 

•  Convergent-divergent  ejector  nozzle  with  variable 
thr'Ait  And  variable  exit. 

•  ReverMT  included  with  engine. 

The  engine  is  s  conventional  tu  rim  jet  patterned  after 
the  179  and  J93.  The  main  advancement  is  the  high 
t  irbine  in-tein|*Tature  of  2200  F.  This  temperature  is 
achieved  through  combing  convection  and  film  coolinf 
teclinkjue*.  'Die  exit  nozzle  design  i>  similar  to  that  of 
the  J93. 

Turbine  cooling  is  a  continuous  flow  process  during 
all  engine  operation. 

GE4  F6A  General  Electric  Augmented  Turbofan 

•  Single  sj>ool,  three  lx*aring  rotor. 

•  Single  stage  2.2: 1  pressure  ratio  front  fan. 

•  Seven  stage  primary  compressor  giving  overaD 
primary  pressure  ratio  of  11:1. 

•  1  1:1  bypass  ratio. 

•  Variable  stator*  and  inlet  guide  vane*. 

•  Two  stage  turbine  with  convection  plus  film  cool¬ 
ing  operating  at  2200  F  maximum  continuous. 

•  Mixed  flow  nugmentnr.  (Fuel  injection  and  flame 
Mobilization  occur  in  the  primary  stream.  Mixing 
is  accomplished  w  ith  the  aid  of  a  fixed  geometry 
dni«y  chute  mixer.) 

•  Nozzle  is  similar  to  that  employed  in  the  J4C 
as  described  above. 

•  Reversrr  included  with  engine. 

A  salient  feature  of  this  engine  is  the  mixed  flow 
augmentor  which  provides  high  augmentation  during 
transonic  acceleration  and  takeoff.  The  flame  holders 
and  fuel  injection  nozzles  arc  Inca t id  in  the  hot  stream 
so  that  combustion  can  be  initiated  easily  and  efficient 
burning  will  result 

There  are  problems  associated  wifh  a  fully  mixed 
afterburning  fan  engine  dcsigmd  to  operate  over  a  wide 
Mach  numlxr  range.  The  f.m  pressure  ratio  and  effi- 
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ciency  tend  to  be  reduced  it  low  corrected  engine  speedi 
due  to  low  Ion  discharge  piruiiM  Mixing  lows  can  alao 
be  high. 

Another  distinguishing  feature  is  the  first  comprra- 
•ion-fan  atage  which  produce*  low  pressure  ratio  near 
the  hub  and  very  high  pressure  ratio  near  the  tip,  with 
a  shroud  in  the  middle.  Whether  this  combination  on 
a  single  rotor  fan  will  have  development  problems  re¬ 
mains  to  be  determined. 

STF  I8SB  (JTFiSA-l)  Pratt  A  Whitney  Duct-Burning 

Turbofan 

•  Two  spool,  four  bearing  rotor  (two  bearing  rup- 
ports). 

•  Two  stage  fan  (front  spool)  with  2.5:1  pressure 
ratio. 

•  Five  stage  compressor  (rear  spool)  with  overall 
primary  pressure  ratio  of  11:1. 

s  1J  bypass  ratio. 

s  Two  stage  turbine  operating  at  1900'  F  maximum 
continuous.  (First  stage  turbine  is  convection 
cooled.  Second  stage  drives  fan  rotor.) 

s  Fan  burning  augmentor  employing  aerodynamic 
flameholder. 

•  Convergent-divergent  blow-in  door  ejector  noz- 
ile  with  variable  throat  area  control  in  the  fan 
stream. 

•  Re  verier  included  with  engine. 

This  is  an  advanced  duct-burning  turbofan  engine 
which  employs  the  latest  Pratt  A  Whitney  engine  tech¬ 
nology.  The  duct  burner  is  external  to  the  primary  en¬ 
gine  case,  which  could  present  some  engine  case  and 
turbine  cooling  problems.  The  burner  employs  an  aero¬ 
dynamic  flameholder  with  low  pressure  drop,  which  con¬ 
tributes  to  high  performance.  The  fan  exit  nozzle  is 
variable  and  provides  a  high  level  of  fan  efficiency  at 
ail  flight  speeds.  The  ejector  nozzle  is  the  same  type 
that  T  .it  A  Whitney  has  w  :cr  development  for  the 
TF30  engine  (TKX)  and  has  le-cn  evaluated  extensively 


through  wind  tunnel  model  tests  during  the  past  few  year*. 

A  1900  F  continuous  turbine  flame  temperature  do- 
tracts  from  the  performance  of  this  engine.  In  part,  it 
is  comtx'nsnted  for  by  the  extensive  use  of  lightweight 
technology  which  is  consistent  with  the  1970  time  period. 
JTllF-4  Pratt  &  Whitney  Duct  Burning  Turbofan 

•  Single  spool,  fixed  airflow  fan  version  of  the  JT11 
(J5fl)  engine. 

•  Two  stage  fan,  2.5  pressure  ratio. 

•  Five  stage  compressor  behind  fan  with  overall 
primary  pressure  ratio  of  &2. 

•  1.08  bypass  ratio. 

•  Three  stage  turbine,  first  stage  convection  cooled, 
operating  at  1900'P. 

•  Duct  heater  and  nozzle  same  as  STF  188B. 

a  Rcvcrser  included  with  engine. 

“Ihia  engine  is  a  modification  of  the  J58  Mach  3d) 
turbojet  engine  which  is  currently  under  development 
by  Pratt  A  Whitney.  It  is  designed  to  use  the  exist¬ 
ing  compressor,  burner,  Rnd  turbine  stage*  of  the  J58 
with  an  additional  turbine  stage  added  to  drive  the 
compressor-fan  rotor.  The  duct  burner  and  nozzle  ar¬ 
rangement  is  the  same  a*  that  used  on  the  STF  188B. 
This  engine  hna  the  advantage  of  being  available  for 
early  delivery  (two  and  one-half  year*  after  go-ahead) 
for  a  prototype  airplane.  The  engine  weight  will  be  high 
since  it  will  not  incorporate  the  latest  state-of-the-art 
development  and  weight  technology.  This  engine  is  not 
offered  as  a  scalable  engin*. 

JT11F-12  Pratt  A  Whitney  Duct-Burning  Turbofan 

•  Advanced  lightweight  scalable  version  of  the 
JTllF-4. 

•  Primary  pressure  ratio  increased  to  9.5. 

This  engine  could  exist  as  s  follow  -on  to  the  JTllF-4 
or  could  lx?  developed  as  a  new  engine  designed  initially 
for  the  RST  missior  It  is  slightly  heavier  than  the  STF 
188B  but  has  comparable  performance.  The  engine  has 
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the  Mine  disadvantage  in  that  the  lower  turbine  dame 
temperature*  offered  by  PtW  detract  from  the  per¬ 
formance. 

11.2.1  TECHNOLOGY  OF  OFFERED 
ENGINES  (RF9  3.2.91 

Important  advance*  in  technology  are  acinf  offered  in 
each  of  these  engines.  The  probability  of  achieving  these 
technology  level*  haa  been  considered  in  The  Boeing 
Company  evaluation  of  the  engines. 

The  advancement*  having  the  greatest  aignificance 
are  specific  weight,  turbine  temperature,  and  nozzle  per¬ 
formance 

1 1.2.2.1  Weight  Technology 

Fig.  11-2  shows  the  level  of  thrust  weight  ratio  of  the 
proposed  engines  and  compares  them  with  pa*t  and 
current  luprrsonic  engines  in  development  or  operation. 
The  thrust  weight  levels  of  the  proposed  SST  engine* 
(except  for  the  C-VV  TJ70)  appear  to  be  a  logical  pro¬ 
gression  in  weight  technology.  The  weight  technology, 
represented  by  the  cross-hatched  area,  considering  the 
higher  turbine  inlet  temperatures  proposed,  ap[jear*  to 
be  a  reasonable  goal  for  a  1970  operational  date.  The 
weight  technology  indicated  for  the  TJ70  engine  appear* 
to  be  lptimistic  for  a  commercial  engine. 

This  general  improvement  in  weight  technology  ii 
being  achieved  through  higher  compressor  itage  load¬ 
ing  (which  result*  in  fewer  stages  of  compression  for  a 
givrn  pressure  ratio),  higher  heat  release  burner*  (which 
shorten  the  combustion  section),  and  improved  turbine 
cooling. 

11.2.2.2  Turbin*  Temperature  Technology 

The  result*  of  Boeing  and  government-funded  SST 
studies  hove  shown  that  turbine  flame  temperature*  well 
in  excess  of  existing  commercial  practice  will  have  to 
be  used  in  order  to  make  the  program  a  lucceaa. 


One  of  the  fundamental  difference*  between  the 
offrrtd  engine*  is  that  General  Electric  and  Curtiaa- 
Wright  are  quotin’  2200  F  and  2100  F  rruise  turbine 
in-temperature  ('ll.')  respectively,  while  the  Pratt  A 
Whitney  quoted  TIT  level  is  )9(K)  F.  The  higher  TIT 
provide*  greater  transonic  thrust  and  lower  cruise  i pa¬ 
cific  fuel  con&umpl  inns,  and  hA*  a  significant  effect  an 
airplane  gross  weight  to  perform  the  mil  sion.  It  i*  them- 
fore  of  prime  importance  to  evaluate  LI e  level  of  TIT 
which  is  reasonable  for  the  lWiS-1970  tine  period. 

The  Boeing  Company  discussed  th  a  problem  not 
only  with  the  three  engine  companies  uivolvcd  in  this 
proposal  but  also  with  specialist*  at  Allison,  Rolls-Royce, 
and  Bristol  to  gain  information  on  available  turbine 
temperature*  and  turbine  cooling  techniques.  The  gen¬ 
eral  conclusions  of  this  survey  ire  listed  below: 

•  Commercial  parts  life  of  up  to  10,000  hour*  ii 
required  in  order  to  ensure  that  random  failure* 
will  permit  time  between  overhaul*  (TBO) 
values  in  excess  of  3000  hour*. 

•  When  cast  blades  are  employed,  together  with 
cast  cooling  passage*,  a  maximum  cruise  flame 
temperature  of  1S00‘  to  IK50  F  can  be  toler¬ 
at'd  today  on  the  SST  mission.  These  convec¬ 
tive  cooled  blade*  would  withstand  3000  hour* 
TBO  based  on  creep  life  expix-tancy-  Higher  tern- 
pc mti re  would  require  cither  new  material*  or 
other  cooling  methods  than  pure  convection. 
Metallurgical  improvement*  by  I9G8-1970  should 
raise  this  limit  to  the  19.10  F  to  2000  F  range. 

•  I'sir.g  forged  materials  with  cooling  passage*, 
fhe  allowable  blade  temperature  for  the  um 
rrrep  life  will  lie  lower  by  approximately  7V  to 
90  F.  Hrnre,  at  a  given  gas  temperature  when 
using  forged  materials,  the  manufacturer  mo*t 
improve  his  rooting  effectiveness  to  allow  for  th* 
method  of  fabrication. 

•  Employment  of  film  rooting  or  transpiration  cool- 
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ing  could  raise  (he  creep  life  temperature  limit 
of  forged  'ades  to  above  2200  F.  through  the 
improved  cooling  effect ivenesa.  Tina  concluakm 
was  supported  by  Holls-Royce  and  AUiaon. 

Fig.  11*3  shows  the  trend  of  turbine  in-tem¬ 
perature  and  blade  temperature  with  years,  and 
also  the  effect  of  various  types  of  cooling  on  the 
allowable  temperature  hosed  on  creep  life. 

•  In  moot  current  commercial  engines  turbine 
blade  replacements  are  caused  by  surface  cracks 
due  to  thermal  shock  or  by  high  U*mjx  rature  bend* 
ing  fatigue  and  not  by  creep  life  limitation*.  Thera 
i*  no  analytical  way  to  predict  shock  life.  Only  by 
running  5000  to  10,000  hours  of  cyclic  noting  can 
the  thermal  shock  and  bending  Uti^oe  character¬ 
istic  of  a  particular  turbine  and  tooling  configura¬ 
tion  be  determined. 

•  When  forged  materials  are  used,  the  resistance  to 
thermal  shock  is  improved  by  about  75’  to  OO  F  at 
the  name  cooling  effectiveness. 

Bnvd  on  the  findings  of  this  survey,  it  appear* 
that  a  600  hour  THO  can  1**  achieved  in  the  1965-1970 
time  period  using  advanced  blade  materials,  film  cod¬ 
ing,  and  forged  l  :ding,  when  operating  with  cruise  tur¬ 
bine  flame  temperatures  of  up  to  2200  F  on  the  SST 
mission.  A  TBO  of  3000  hours  is  a  reasonable  target  after 
some  service  experience.  Provision!  for  sual  inspec¬ 
tion  of  the  engine  turbine  between  overhauls  will  prob¬ 
ably  1*  necessary. 

General  Electric  turbine  blade  cooling  testa  hav* 
been  run  cm  a  J93  up  to  2400  F  TIT  using  the  film  cool¬ 
ing  technique.  At  2200  F  the  turbine  blade  metal  tem¬ 
peratures  are  at  or  below  the  metal  temperature*  in 
the  current  commercial  sulwonic  jet  engines.  General 
Electric  has  developed  a  turbine  blade  stem  drilling 
process  and  quality  control  technique  which  is  unique 
and  has  Urn  successfully  demonstrated  on  the  J93. 
Pratt  L  Whitney  has  also  conducted  turbine  cooling  testa 
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um|  convective  conlinf  techniques  on  a  modified  J78 
test  engine.  Curtiaa- Wright  has  run  turbine  cooling  teats 
using  a  transpiration  cooling  technique  at  2.T70  F.  Al¬ 
though  transpiration  cooling  appears  to  offer  the  great¬ 
est  potential,  certain  fundamental  itructural  problem* 
appear  to  make  it  a  riskier  approach  than  either  con¬ 
vective  or  film  cooling  techniques. 

11.2.2.3  Noxzla  Technology 

Each  engine  manufacturer  hna  proposed  a  different  noa- 
zle  design  (or  his  engines.  General  Electric  haa  proposed 
a  fully  variable  convergent-divergent  (C-D)  ejector  noa- 
zle;  Pratt  L  Whitney,  a  fired  shroud  blow-in  door  ejec¬ 
tor,  and  Curtiss- Wright,  an  annular  C-D  nozzle.  Sketches 
of  these  nozzle  types  are  shown  in  Fig.  11-4. 

The  estimated  nozzle  gross  thrust  minus  dreg  co¬ 
efficients  for  the  three  types  of  nozzles  are  shown  in 
Fig.  11-5.  Values  are  shown  for  conditions  of  maximum 
thrust  at  all  Mach  minders  and  cruise  thrust  for  super¬ 
sonic  cruise  and  suhsonic  crui-e.  Selected  lest  data  hava 
been  plotted  on  these  curves  to  indicate  the  level  of 
development  that  has  already  been  achieved  for  the 
different  nozzle  types.  Gross  thrust  minus  drag  (Cr.) 
is  defined  as  nozzle  thru  it  minus  nozzle  drag  (includ¬ 
ing  ram  drag  of  secondary  air  and  nozzle  boatlail  drag) 
divided  by  the  ideal  thrust  of  the  nozzle  primary  and 
secondary  airflows.  The  Curtiss-Wright  annular  C-D 
nozzle  performance  is  lower  at  subsonic  cruise  than  the 
other  nozzles,  due  primarily  to  higher  hoattail  drags. 

The  test  point.-  shown  (Fig.  11-5)  wrre  derived  from 
three  sources:  NASA.  Boeing,  and  the  engine  manu¬ 
facturers.  In  all  cases  the  models  tested  were  not  exact 
duplicates  of  the  proposed  nozzles.  However,  the  throat 
to  exit  area  ratios  were  clo-ely  approximated.  It  should  be 
noted  that  the  measured  performance  levels  of  these 
models  do  not  necessarily  indicate  the  full  potential  of 
the  various  noz-le  concept".  Very  little  test  data  are 
available  for  the  Curti-s-Wright  nozzle  liecau-w  of  limited 
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IrvrlopmMit  work. 

11.3  Alrptonr  Ptrf«rman«  Comprrlwm 

11.3.1  INGINI-AIUPIANE  MAT  CHINO 

Hie  relative  performance  rrvriti  of  the  propoM-d  rngine, 
■an  best  be  juilgoH  in  lenrw  of  the  resulting  airplane 
capabilitira.  Before  comparing  the  apecitir  engine*,  the 
lunner  in  which  a  propulsion  ay  stem  u  matched  to  the 
airframe  will  be  discuaaed. 

In  the  matching  procrw,  the  inatalled  propulaion 
system  in  scal'd  to  represent  different  sizes  of  the  engine 
under  study.  The  airplane  takeoff  gro  a  weight  and  op¬ 
erating  weight  empty  are  also  scaled  to  represent  differ¬ 
ent  sires  of  the  airplane  under  study.  The  wing  area 
is  varied  to  include  the  effect  of  wing  loading  on  the 
aerodynamic  performance.  The  body  size  and  payload 
are  held  constant. 

The  performances  of  the  engine-airplane  combina¬ 
tions  are  then  computed  for  the  design  mission.  The 
flight  profiles  are  determined  by  the  sonic  boom  ovrr- 
prev.ure  limit*.  The  matched  engine-airplane  is  that 
combination  which  achievca  the  design  range  at  the 
minimum  gross  weight 

In  addition  to  the  sonic  boom  overpressure  limit, 
other  restrictions  ore  applied  which  sornetime-s  make  the 
airplane  heavier  und  the  engine  larger  than  would  other¬ 
wise  he  the  case.  Among  these  are: 

•  Wing  area  has  a  lower  limit,  dictated  by  take¬ 
off  speed  limitations  or  by  other  practical  con- 
siderations. 

•  The  engine  must  be  large  enough  to  provide 
adequate  airplane  acceleration  under  all  flight  con¬ 
ditions.  For  example,  a  minimum  thrust  margin, 
Fs  -  D 

0.3  on  a  standard  day  w  required  dur¬ 
ing  climb  and  acceleration  at  the  altitude  deter¬ 
mined  by  sonic  boom  limitations.  This  margin 


ensures  that  adequate  thrust  is  available  t4>  ac¬ 
celerate  to  cruise  speed  on  a  hot  day,  and  that 
the  time  required  to  accelerate  will  not  be  ex¬ 
cessively  Ionic. 

Tlie  eng  mi- airplane  matching  results  (or  the  non 
augmented  turlioj*  t,  augmented  turbojet,  and  augmented 
turbofan  engine*  are  generally  as  follow*  for  a  variable 
sweep  airplane: 

•  The  Non -Aug merited  Turbojet 

The  engine  size  U  rstabli  .nod  an  that  necessary  to  pro¬ 
vide  the  thrust  margin  to  accelerate  the  airplane  at 
the  altitude  dictated  by  the  sonic  boom  overpressure 
limit.  Because  of  ita  low  thrust  per  pojnd  of  airflow, 
the  size  is  Large  compared  to  augmented  engine*.  At 
•  i person ic  cruise  conditions,  the  engine  i<  operated  near 
ti.  *  maximum  power  available.  This  setting  prtnidea 
•ulTcient  thrust  to  fly  the  airplane  at  maximum  lift 
over  drag  (L  Di  altitude  and  at  minimum  specific  fuel 
com  imption  (SFC).  Some  exerss  thrust  is  available 
at  thi*  condition  for  maneuver  or  control. 

Because  of  the  sire  required  for  transonic  thrust, 
the  engine  La  considerably  oversized  for  sul»M>nic  cruise 
and  holding  opr  ration*.  Iho  power  required  is  a  very 
snv.ll  percent  of  that  available,  and  the  resulting  SFC  is 
consid*  r.d»!y  highrr  than,  the  minimum  value.  |f  van- 
aide  area  tm bine  and  exit  nozzle  geometry  are  pro¬ 
vided.  the  iwnaltv  for  this  oversizing  can  be  reduced. 
At  t.»ke*>fT.  the  maximum  available  thrust  far  eicreda 
the  minimum  needed  to  meet  the  field  length  and  sec¬ 
ond  wgnwnt  climb  requirements.  If  takeoff  is  made  at 
pari  power,  the  takeoff  noise  can  lx*  lower  than  either 
the  augmented  tuibnjet  or  turbofan,  and  still  meet  the 
field  length  and  climb  rrquirementa. 

•  Tha  Augmenfrd  Turb*|*t 

Thi*  engine  airflow  is  usually  sized  at  tlie  supemnnie 
cruise  condition  to  achieve  maximum  range  by  attain- 
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inf  the  beat  compromise  between  engine  weight,  FFC, 
and  airplane  L  D.  The  engine  may  cruise  with  or  with¬ 
out  augmentation,  depending  on  the  engine  weight  tech¬ 
nology  and  the  level  of  SFC. 

If  the  engine  i*  sired  to  provide  sufficient  nun -after¬ 
burning  thrust  to  fly  at  maximum  I,  I)  ultitude,  the  SFC 
will  he  near  minimum.  1/ut  the  installed  engine  weight 
will  he  high.  If  a  smaller  engine  in  used,  the  same  thrust 
can  be  Achieved  with  vime  minimum  afterburning;  how¬ 
ever,  the  SFC  in  high.  If  this  smaller  engine  is  oper¬ 
ated  with  the  afterburner  not  lit,  the  SFC  is  near  mini 
mum,  but  the  thrust  is  too  low  to  fly  at  maximum  L  D 
altitude.  The  selected  engine  sire  U  the  best  compro¬ 
mise  of  the^  consideration*. 

With  the  engine  sired  for  cruise,  the  thrust  mar¬ 
gin  for  acceleration  and  climb  within  prescribed  boom 
requirements  can  l**  adequately  provided  by  additional 
augmentation  from  the  afterburner.  Because  this  engine 
has  more  thmst  per  pound  of  airflow  at  cruise  and  at 
transonic  acceleration  than  the  non-augments!  turbo¬ 
jet,  it  in  not  as  greatly  oversized  for  sulisonic  flight 
an  the  non-af’erlniming  version,  Consequently,  the  sub¬ 
sonic  cruise  and  holding  SFC’s  are  nearer  the  minimum 
values.  If  some  variable  geometry'  is  provided  the  sul>- 
sonic  SFC  versus  thrust  relationship  can  be  uljusted 
somewhat  to  re<iuce  the  SFC  at  the  required  thrust  as 
in  the  case  of  the  non  augmented  turbojet 

At  takeoff,  the  non-afterburning  thrust  ia  usually 
more  than  adequate  to  meet  the  field  length  and  climb- 
cut  requirements.  There  in  not  as  much  *«r**s»  thrust 
for  reducing  nnisc  ns  there  w  with  ihe  non-nngmented 
turbojet  and  therefore  the  takeoff  noise  levels  tend  to 
be  somewhat  higher.  Community  noise  levels  may  not 
necessarily  be  higher.  This  in  discussed  in  more  detail 
in  Par.  11.3.3.2. 

•  Tht  Augmented  Turbofon 

The  ttiiol  flow  augmented  turbofan  U  usually  sized  at 


the  supenxmie  cruise  conditiw  to  achieve  maximum 
range.  Partial  augmentation  it  usi-d  during  superwmie 
crui*e.  TW  thrust  setting  is  w-lutid  to  provide  tl»e 
Im'-I  wimiiftimiw  Ix-twecn  m-lnllcd  weight,  I.  I),  and  SFC, 
Thi*  ix'ndiimn  mvurs  at  a  thru-t  level  whxh  cruis¬ 

ing  at  vi  i  ,  near  maximum  I.  I)  altitude.  Al  lower  thrust 
leveU,  tlx  rtdui  lion  in  SFC  i*  not  suffu  lent  to  ium|iensatf 
for  the  I.  I)  nduition  at  tin*  redut'id  altitude.  Al  Mach 
2.7  tlx*  turladan  crui-x-  SFC  ix  higher  tl.an  either  of  the 
turbojet*. 

The  engine  is  not  ns  greatly  airflow  oversized  at  »ub- 
nonic  conditions  ns  cither  of  the  two  versions  of  the 
turbojet.  Consequently.  the  subsonic  operation  occur* 
closer  to  .he  minimum  SFC.  In  addition  the  turbofan 
ha»  a  fundamental  propulsive  efficiency  advantage  over 
the  turU>j«ts  at  Milewmir  ‘■jmd**,  whxh  results  in  a  lower 
SFC.  At  takeoff,  o  low  augmentation  power  setting  is 
required  to  meet  the  engine-out.  Mstmd  segment  climb 
gradient.  Nevi  rtheles-.,  the  Iwi'icallv  lower  nozzle  prevwire 
ratio  makes  the  takeoff  noise  less  llwn  with  0»e  aug- 
mented  t ur!>oj<  t .  udng  dry  takeoff  thrust. 

'Ox-  duct-burning  lor  unmivid)  turUifan  n»ay  I* 
sized  by  transonic  thru-t  requirements  The  airport  noise 
tends  to  lx*  higher  than  the  mixed  fun  because  of  the 
high  velocity  of  the  primary  jet 

11.3.2  PERFORMANCE  OF  PROPOSED 
ENGINES 

In  order  to  compare  the  in-flight  jx-rformance  of  the 
enginc-s  the  airflow  .sizes  have  Uen  adjusted  to  that 
required  to  match  the  Booing  SST  configuration. 

The  matched  sen  level  static  airflow  sizes  of  the 
several  proposed  engine*  are  shown  in  Fig.  11-6  The 
airplane  gross  weight  required  for  the  HIT  mission  ii 
also  shown. 

Performance  compnrisons  cf  the  matched  engine* 
nt  cruise,  transonic,  sulfonic,  and  t.ikeoff  conditions  fol¬ 
low.  The  performance  of  the  JT11F-4  is  not  shown  be- 
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cauw  it  is  a  heavy  mgine  of  a  fixed  tilt  which  does  not 
match  the  airplane  requirements. 

1 1.3. 1.1  Crvlie  Prrfermonc*  Retultt 

The  supersonic  cruircr  installed  SFC  and  thrust  of  the 
vsriou*  engines  are  shown  in  Fi[.  11-7.  The  matched 
thrust  required  on  the  Boeing  configuration  during  cruise 
ia  marked  on  the  curse  for  each  engine. 

The  lowest  SFC  at  Mach  £.7  ia  achieved  with  the 
TJ70  non-augmrntod  turbojet  which  operates  at  slightly 
less  than  maximum  cruise  thrust.  Tliia  engine  has  the 
lowest  SFC  because  it  does  not  have  the  augmentor 
pressure  losses.  The  GE4  J4C  augmented  turbojet  oper¬ 
ate*  at  about  seven  percent  higher  SFC  at  the  cruise 
power  aetting.  Thi«  condition  iwvurc  somewhere  between 
maximum  dry  thrust  and  minimum  augmented  thru  L  In 
practice  this  will  require  a  mixture  ol  augmented  and  dry 
power  settings  on  the  four  engines  or  a  change  in  cruise 
altitude  with  some  slight  mrge  pn'islty. 

The  offered  engines  with  th.  next  higher  SFC't  art 
the  PtW  JTI1F12  and  RTF  1R.“H  turlsifana,  which 
ope- ate  at  well  above  minimum  augmentation  and  have 
SFC'a  about  five  percent  higher  than  the  JlC.  The 
GE4  F6A  operate*  at  a  slightly  higher  SFC.  The  SFC 


rhsnge  with  thrust  is  somewhat  flatter  with  the  fan*  than 
will;  the  turbojet.  The  general  level  of  SFC  is  higher 
because  of  the  lower  thermal  efficiency  of  the  (an  cydt 
at  Mseh  2.7. 

The  dashed  curve  shows  the  performance  impewe- 
ment  of  the  .ITllF-12  with  22UO  F  TIT.  However,  lino* 
Pratt  L  Whitney  has  not  offered  this  level  of  TIT  for 
the  SST,  this  ix-rformance  has  not  lawn  used  lor  airplane 
evaluation. 

1 1 .1.2.2  Transonic  Performance 
Figs.  11-A  and  11-9  show  the  transonic  thrust  and  SFC 
for  the  proposed  engines.  All  th*  engine*  offered  have 
adequate  thrust  to  meet  the  sonic  boom  limitations 
with  a  minimum  of  0.3  thrust  margin  on  a  standard 
day.  The  TJ70  has  the  lowest  SFC  because  it  ia  nao- 
augmented,  while  the  GEI  FfiA  has  the  highest  SFC 
because  it  is  t  fully  augmented  turbofan.  The  engine 
SFC  during  aeielenitirm  is  a  significant  factor  in  th* 
overall  fuel  oonsunxd  during  th*  mission. 

It. 3. 2.3  Subsonic  Performance 

Fig.  11-10  indir.iti-s  performance  of  the  various  engines 
for  the  cruiv  to  alternate  and  holding  cord. lion*.  In  aD 
cases  the  thrust  required  is  much  less  than  that  avaiL 
nlile  at  minimum  SKC.  The  turbofans  provide  the  low¬ 
est  RFC's  for  two  reasons:  (1)  they  tend  to  match  nearer 
the  minimum  SFC,  and  (2)  they  have  a  basically  lower 
SFC  because  of  their  brtter  propulsion  efficiency.  The 
turliojcta,  both  sficrluming  and  nor, -afterburning,  have 
about  the  same  matrhed  SFC'a.  It  should  be  noted  that 
even  with  the  variable  turbine  noule  feature,  the  TJ70 
has  the  highest  SFC  at  these  conditions. 

11.3.2.4  Toksoff  Performance 

Fig.  11-11  shows  the  takeoff  thrust  for  the  engine*,  both 
augmented  and  dry,  on  s  standard  day.  The  minimum 
thrust  required  to  meet  the  takrsiff  field  Irngih  r  nd  wcond 
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segment  climb  gradient,  (or  the  airplanes  designed  to  meet 
the  RFP  mission,  u  shown  bv  the  arrow. 

All  engines  except  tlie  GF.4  F6A  turbofan  meet  the 
takeoff  Ibrust  requirements  at  maximum  dry  power  or 
below.  The  GK4  FfiA  turbofan  will  require  partial  aug¬ 
mentation.  On  a  hot  day,  all  the  turbo  farm  will  require 
partial  augmentation. 

The  airport  noise  at  1 VJO  feet  from  the  airplane, 
parallel  to  the  runway,  aa  a  function  of  thruat  of  the 
engines  ia  shown  in  Fig.  11-12.  The  comparison  of  com¬ 
munity  noise  of  the  offered  engines  ia  discussed  in  Par. 
11JJL2. 

11.3.2.3  Imtollad  Fed  Dro* 

The  installed  pod  drag  of  the  proposed  engine*,  sized  to 
meet  the  RFP  mission,  is  shown  in  Fig.  11-13  for  the 
complete  range  of  Mach  numbers.  At  supersonic  cruise 
the  GF-4  F6A  engine  has  the  lowest  drag.  The  C-W  TJ70 
has  the  highest  cruise  drag. 

The  transonic  dragi  of  the  various  pods  are  also 
shown  in  the  same  figure. 

11.3.3  COMPARATIVE  AIRPLANE 
PERFORMANCE 

The  optimum  airplane  performance  which  results  from 
the  offered  engines  matched  tc  the  Boeing  SST  con¬ 
figuration  ia  discussed  below.  The  airplane  configura¬ 
tion  which  was  used  in  these  performance  studies  is 
shown  in  Fig  11-14.  This  configuration  was  used  to  obtain 
relative  performance  comparisons  with  all  of  the  offend 
engines.  The  changes  in  |xk)  weight,  drag,  and  installed 
performance  with  the  various  engines  were  accounted  for. 
For  this  study  the  wing  nrea  was  limited  to  a  minimum 
of  4064  square  fis  t  by  configuration  onn-ideralions.  The 
maximum  wing  loading  was  limitid  to  100  pounds  per 
square  foot  (psf)  to  meet  the  165-knot  takeoff  require¬ 
ment  in  the  RFP. 
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1 13  3  1  Gr*ft  Weight  C*wpori»*m 

The  most  ftinniflcant  comparison  is  the  airplane  groat 
weight  required  to  perform  the  3500  nautical  mile  range, 
30.000  pound  payload  mission  at  the  selected  cruise  Mach 
numUr  of  2.7,  with  the  sonic  boom  overprrssure  limit 
of  2.0  psf.  Ihw  comparison  is  shown  in  Kig.  11-15.  At 
the  overpressure  limit  the  lowest  gross  weight  ia  pro- 
vided  by  the  TJ70  non -augmented  engine  at  a  grosa 
weight  of  412,OuO  |K>unds.  The  C.F4  J40  engine  result* 
in  nn  a’rplnne  gn»vs  weight  of  430,000  jtounds.  The  JTl  1P*4 
match  U  not  shown,  hut  the  grass  weight  is  well  over 
500,000  pounds. 

Fig.  Il-’fi  summarizes  some  of  the  pertinent  data 
from  each  engine-airplane  match  for  the  RFP  mission. 
All  mMrh«*d  engine  sizes  are  within  the  scaling  range 
of  the  offered  engine*. 


11.3.3.3  Noise  Comkferotiom 
•  TokeoH  Noise 

The  extra  thrust  available  at  takeoff  with  these  engines 
allows  a  trade  In-tween  the  takeoff  ground  mil  noise  and 
the  noise  over  the  community.  Fig.  11-17  shows  this 
trade  hciM-d  on  Boeing-calculated  noise  characteristics 
for  the  offered  engines.  Higher  takeoff  thrusts  result  in 
higher  airport  noise  hut  lower  community  noise  because 
the  airplane  arrives  over  the  community  at  a  higher 
altitude.  In  all  cases  the  community  noise  is  shown  for 
a  position  thr«*e  miles  from  the  brake  release  point  with 
thrust  rrslunsl  to  that  required  for  500  feet  per  minute 
rate  of  climb.  The  airport  noise  is  shown  for  a  distance 
of  1500  fi-et  parallel  to  the  runway.  If  the  allowable  air¬ 
port  nniM*  is  sat  at  120-122  PNdh,  all  the  rngioi*  will 
yield  mmmunity  noi-**  levels  less  than  112  PNdh,  the 
limit  set  in  the  BFP. 
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•  Lending  Nob* 

Landing  noiM*  i*  a  function  of  the  power  required  to 
maintain  the  landing  approach  glide  ►lope.  Fig.  11-18 
fthow-H  the  noise  lc\ els  for  the  offered  engines,  assuming 
•  throe  degree  glide  slope  with  wings  lolly  intended, 
at  various  distance*  fmm  the  runway  threshold.  As 
shown,  the  landing  nni-e  level  for  the  SST  will  not  he 
higher  than  for  existing  intercontinental  jet  aircraft 

11.4  Oth«r  Contldarotlofifl 


DZQ  Lending  Approoct \  Note* 


11.4.1  COMPARATIVE  INSTALLATION 
FEATURES 

1 1 .4. 1 . 1  Engina  Storting 

Starting  requirement*  var>'  considerably  among  the  en¬ 
gine-  ron-idercd  for  ’he  SST  (Fig.  11*19). 

The  STF  ISsB  and  the  TJ70  may  lie  started  with 
the  t vjw  of  starters  nnd  carts  tint  are  currently  in  com¬ 
mercial  transport  usage.  /  I  though  the  TJ70  engine  it 
a  single  rotor,  high  inertia  r.igine,  the  exceptsmally  high 
find  torque  characteristic*  quoted  hv  Curtis* -Wright 
(Fig.  11  •20)  allow  starting  with  a  relatively  small  starter 
and  cart 

'Ihe  General  First  He  JtC  and  FfiA  engines  require 
a  larger  starter  than  the  nltme  engine-.  The  larger  starter 
require  two  of  the  pre-cnll\  iim»I  GTCP-8S  carts  or  ore 
GTCP  100  aeries  cart.  The  Pr.it t  &  Whitney  JTllF-12 
engine  nqiiircs  a  large  -farter  end  two  of  the  presently 
u*ed  GTCP-100  mth***  ground  carta. 
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I'BIl  Stwlf  RffuJrtMHIl 


i  1.4.1. 3  NocclU  Coehnf 

Generally  the  Inn  tnfinn  have  a  low.  r  engine  ran* 
temperature  and  thus  present  a  h-ss  acvere  nacelle  cool  inf 
problem  than  Ho  the  turbojet  engines.  Thia  rrsulta  from 
the  excellent  insulation  provided  hv  the  relatively  cool 
(an  aif  which  ahrouda  the  primary  engine.  Fan  engine 
case  temperature  in  the  difTu-er  case  area  will  he  ap¬ 
proximately  400' F  cooler  than  the  equivalent  area  in 
the  jet  engine. 

The  accessory  area  will  lie  mmpnrtmented  for 
all  of  the  engima  to  reduce  the  rooking  temperature  of 
the  accessories.  The  comp  itment  will  be  shielded  from 


tlie  engine  rase  The  jet  engines  will  require  more  com¬ 
partment  insulation  Itvin  the  fans. 

All  engmi-a  require  cooling  air  for  the  nozzlr  and 
reverser  actuators 

11.4.3  ENGINE  AVAHABIUTY 

11.4.3.1  Development  Stotus 

None  of  the  engines  being  oTTired  by  the  varioua  engine 
manufacturers  for  the  ShT  ia  currently  under  develop¬ 
ment. 

TTie  Pratt  t  Whitney  JT1IF-4  rngine  is  closest  to 
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STEADY  STATE  TORQUE  REQUIRED  AT  ENGINE  ROTOR 


CONFIDENTIAL 


HBT1  Engine  Storfmf  Torqvm  Comport  ton 


on  actual  engine  under  development  since  it  ia  basically 
a  (an  \e*>ion  of  the  JTll  engine,  which  ia  currently  in 
the  ndvmct-d  dr\rli»prnent  st.tge.  The  P1AV  STF  lfiflB, 
however,  and  the  JTllF-12  are  new  engine  development*. 
Component  n*Morch  tor  these  Engine*  ia  progressing  in 
lHjm«'r  development,  ejector  no/.dc*,  and  high  tempera¬ 
ture  turbine  technology. 

Hie  Cener.il  Electric  turbojet  (CE4  J4C)  and  turbo- 
fan  engines  (GE4  FfiA)  are  new  engine*  designed  ape- 
cifically  for  the  SST,  using  technology  gained  frtan  the 
J93  program.  The  cumprewir  section  i*  a  scaled  version 
of  an  misting  .ligh  stage  loading  unit  which  haa  been 
successfully  run  General  Electric  has  also  hern  actively 
engaged  in  high  temjM’niturc  turbine  work,  noule  and 
reverser  design,  and  in  nfterlnjmer  technology. 

TIk*  CAV  TJTO  is  a  new  engine  designed  specificaDy 
for  the  SST.  Curt iss-\V right  has  been  engaged  in  con¬ 
siderable  component  deselopment  work  in  transpiration 
cooling  of  turbine  blades  and  high  stage  loading  com* 
pressor*  to  provide  supjinrt  to  its  conoepL 

Fig  II  •  21  alam*  |Ih<  months  from  RO  n head  to  pre- 
Rittht  ratine  PM  (PKflTl  and  rcrtifioitidn  for  the  oJmd 
rnpni-r  Thr  GKl  J4C  and  I’iW  JT1 1 F -4  m|[inc»  meet 
the  airplane  dcselopment  w  Iwdule. 

11.4.2.2  Production  Schedule! 

With  n-.|»Tt  to  rnpinr  certification  and  delivery  of  «•*- 
fini'  for  thr  fir»t  production  airplane,  the  GE4  J4C  and 
I’iW  JTI1F-4  rnmr  closest  Ui  morlinf  the  airplane  r*. 
quirrmenta. 

1 1 .4.2.3  Engine  Monufactwron’ 

Capabilitiet 

Pmtl  A  Whitney 

•  Prrvioul  Record 

Prnlt  (  Whitney  has  nn  excellent  record  of  prndurinf 
hifh  quality  rnRinrs  on  schedule.  BocinR'*  experience  on 
the  B-52,  KC135,  and  707  commercial  proRrama  »ith 
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Pratt  ft  Whitney's  J57,  TF33,  J'DD,  and  J75  engine*  lia* 
generated  a  high  level  of  confidence  in  the  capability  of 
Pratt  1  Whitney  to  produce  engines  that  are  efficient 
and  reliable  and  to  meet  their  commitments  with  ra- 
apect  to  schedules,  performance,  and  weights. 

•  Engineering  and  Management 

The  engineering  and  management  personnel  at  Pratt  ft 
Whitney  responsible  for  the  development  and  produc¬ 
tion  of  the  SST  engine  are  the  same  personnel  that 
were  responsible  for  Pratt  ft  Whitney’s  other  successful 
program*.  This  continuity  of  experienced  personnel 
which  exista  at  Pratt  ft  Whitney  produce*  a  depth  of 
technical  talent  for  which  the  re  is  no  suh  titute.  The  Pratt 
ft  Whitney  engineering  department  also  has  the  mpnhil- 
ity  of  solving  problems  quickly  and  efficiently  that  mav 
arise  in  the  field. 

•  Tetf  Focllitlet 


Pratt  ft  Whitney  ha»  the  world’s  Urgent  privately  owned 
installation  for  the  development  testing  of  air-breathing 
power  plsnta.  At  these  facilities  romprr*..era,  burners, 
turbines,  and  full  wale  engines  are  run  at  *;*eda  up  to 
Mach  3  1  and  altitudes  up  to  100.000  feet.  Thirteen  test 
cells  at  the  facility  are  provided  with  air  at  the  required 
pn*  urea  and  temperature*  for  simulating  mm  air  inlet 
conditions.  Evacuated  exhaust  conditions  are  also  pn> 
vided.  Three  of  the  test  cells  are  altitude  chambers 
capable  of  testing  full-scale  engine*  at  high  altitudes. 
Total  air- flow  capacity  is  over  700  pounds  per  second. 
Exhauster  capacity  varies  from  50  pounds  per  second 
at  two  psia  to  .VjO  pound*  per  second  at  IS  psia.  Sup¬ 
plementing  the  mam  laboratory  in  the  ume  area  art 
a  compressor  laboratory,  a  fuel  s\*te>m  laboratory,  and 
two  sea  level  test  evils.  The  East  Hartford  plant  teat 
complex  contains  2fl  full-scale  engine  wa  level  teat 
stands  for  engine  development  and  qualification  testing. 
The  Florida  fa«  ility  also  has  altitude  and  Mach  number 
simulation  capability  for  evaluating  component*  of  Urf* 
sire. 

General  Fleet ric 

•  Prevloui  Record 

Boeing  h.is  had  extensive  expe-ricnce  with  flenrral  Elec¬ 
tric  engines  on  the  B-47  (J47)  .-ngine.  Thi*  wa*  one 
of  the  first  jet  engine*  developed  in  this  country  and 
resulted  in  the*  dexelopment  of  a  bnmtirr-type  aircraft 
with  sjx-ee!  cvipibilily  in  excess  of  the  fighter  aircraft  of 
that  iMTied,  a  himlrr  which  is  still  in  first-line  xrvic®. 

Boring  his  hid  no  experience  with  more  recent 
General  Electric  engine*  Tlie  General  Electric  record 
on  the  J7U  engine  and  CJWVi  from  all  report*  is  very  good 
and  pmhihlv  is  whit  can  lie  expected  for  the*  GEt  J4C. 
The  J7H  is  installed  in  llie  aircraft  which  holds  most 
of  the  world’s  altitude  and  Mach  numlier  records  and 
was  the  first  Mach  2.0  engine  developed  in  this  coun- 
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try.  General  Electric  ha*  bwn  developing  Ihe  Much  3.0, 
Jy.3  for  the  B  70  pmgmm.  General  Electric  h*»  con¬ 
siderably  more  *uprr*omc  oj*- rational  engine  experience 
than  Any  other  cornjwiny.  Report*  on  the  field  •rrvic* 
rrtxml  of  General  Electric  with  the  CJF0V3  engine  have 
been  favorable  lioth  with  respect  to  the  engine  and  the 
service  peraonrvet 

•  Engineering  and  Management 

General  F.In.  trie  engineering  and  management  ere  capable 
of  doing  an  excellent  job  of  developing  the  engine  for 
the  supersonic  transport.  It  is  Mi  liiat  the  overall  expe- 
nence  nnd  t ethnical  capability  of  the  General  Electric 
engineering  staff  U  very  high  and  more  than  adiquate 
to  jierform  the  development  job  required  for  the  GE4 
J4C  The  technology  involved  is  an  extension  of  the 
J70  and  J93  cxpirience,  which  w  ill  be  applied  directly  to 
the  development  nf  the  engine.  Adequate  technical  per¬ 
sonnel  are  available  to  concentrate  on  thia  program. 

•  Trvl  Facilities 

General  Electric  has  several  large  test  celU  used  for 
development  nnd  qualification  of  the  J79  nnd  J93  e  ngine*. 
This  company  ha*  a  large  air  supply  and  exhauster  capa¬ 
bility  and  numerous  cnmjmnent  development  rip*  The 
General  Electric  ram  test  facility,  currently  being  used 
to  te*t  the  J93,  can  lest  engines  at  conditions  from  sea 
level  static  to  Mach  3.0  at  70,000  feet.  The  test  facility 
drive  unit  conoids  of  a  2r»O.(XJ0  cubic  feet  per  minute 
comq.ms-nr,  a  32,000  hp  synchronous  motor,  and  a  3200 
hp  steam  tuihino.  This  unit  i.s  combined  with  a  100  million 
Btu  per  hour  heater  to  mate  airflows  of  the  required 
temperature. 

('urt  Un-Wright 

•  Prvvioui  tecerd 

Bor  ing  his  no  nctunl  txjierience  with  CurtUa-Wright  jet 
engine*.  Wry  hmibd  exjerirnee  was  gainrsl  with  the  Cur* 
fisa- Wright  turboprop  engine  on  the  XB-47D  airplane. 
Thus  airpLine  was  built  as  a  flying  test  h*d  and  wa*  not 


flown  extensively.  Tlie  only  jet  rngme  products!  in  quan¬ 
tity  by  CurtiMii-Wnght  was  live  Jbrj  which  was  a  develop¬ 
ment  from  live  British  Sapphire  engine. 

•  Engineering  ond  Monoganwd 

The  Curt iss- Wnght  engineering  and  management  ataff 
h»»  not  been  involved  in  a  jet  engine  development  pro¬ 
gram  in  the  past  five  years.  However,  Curtisv  Wright  haa 
an  outstanding  l*ut  limited  numlier  of  design  personnel 
who  do  understand  the  technical  problems  of  the  SST. 

•  Tail  Focilitie* 

Curtis* -Wright  has  several  sea  level  test  cell*  capable 
of  testing  engine*  up  to  5*0,000  pounds  of  thrust  Com¬ 
ponent  test  rigs  include  five  airblowing  test  stand*  for 
combustion  chamber  and  related  component  tee  ting. 
Curtiss- Wright  ha*  promised  tluit  a  large  share  •A  the 
full-scale  component  and  engine  testing  be  conducted 
at  outside  private  or  government -owned  facilities. 

11.4  3  EFUABIUTY  AND  MAINTAIN  ARIUTY 

The  requirement  for  advanced  technology  to  make  the 
sujic :  onic  transport  a  success  i*  well  established.  The 
nis-d  for  high  reliability  ond  maintainability  ia  also  un¬ 
questioned. 

It  is  very*  difficult,  this  early  in  the  d«»sign  stages 
of  a  mw-  engine  program,  to  rate  the  various  rv*** 
design  nppnvuhra,  Init  in  the  area  of  reliahjtty  and 
maintainability,  simplicity  is  certainly  of  major  impor- 
tam  e.  Sin«v  high  turbine  trmjiernlurc*  are  required,  ad¬ 
vanced  cooling  texhniijues  must  lie  employed,  and  the 
hot  parts  must  la*  readily  cm  **ihlr.  These  two  require¬ 
ments,  simplicity  and  ncrcssil  lit v,  jxiint  in  the  direc¬ 
tion  of  the  turbojet  engine  I>  attempting  to  evaluate 
the  jKitenti.il  nliabtlitx  and  mai  'lainability  of  the  offered 
engines,  certain  fundamental  d  s'gn  features  in  roch  en¬ 
gine  stand  out 

The  C-W  TJ70  engine  a  simple,  single  spool. 
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ry  turbojet  which  irxortorate*  the  variable  turbine 
ozzle  in  order  to  obtain  competitive  subsonic  cruise 
•FCV  The  transpiration  cooling  tivhnique  involves  a 
shricatcd  turbine  bucket  ^instruction  which  has  very 
united  test  time.  However,  the  simple  turbojet  lends 
tacit  to  eesy  acre**  for  nviintenamv  and  insjieetion  of 
he  hot  Motion.  The  high  ivqiect  ratio  compressor  blade* 
ire  prohihly  susieptihle  to  foreign  object  damage. 

The  General  Electric  turlmjet  is  a  rmple,  single 
♦pool  engine  with  a  conventional  afterburner.  Hie  tur¬ 
bine  film  tooling  technique  is  new,  but  ban  been  under 
development  for  norm*  time,  and  promises  to  reduce 
the  me  tal  temperature*  to  hdow  present  commercial  jet 
levels  The  experience  gainrd  on  the  J79  and  J93  pro¬ 
gram*  will  be  applicable.  This  turbojet  lend*  itself  to 
easy  acn-vs  for  inspection  and  maintenance  of  critical 
part*,  particularly  in  the  combustion  nnd  turbine  areas. 

The  turhif.in  engine**,  l**cmiHc  of  their  annular  fan 
ducts,  tend  to  decrease  the  accessibility  of  the  turhine 
area  fur  insertion  nnd  maintenance. 

The  GE4  F«A  fan  has  a  cool  duct  over  the  turhine 
ami  and  the  burning  is  done  in  tl»e  mixed  stream 
downstream  of  the  turbine.  The  turbine  cooling  technique 
is  similar  to  that  in  the  GE4  J4C. 

The  Pratt  It  Whitney  turhifnn  engines  nil  involve 
annular  fan  combustion  chnmlieni  which  create  a  hot 
duct  over  the  primary  combustion  and  turhine  sections. 
Otherwise,  the  engines  are  lused  on  Jfi8  rnd  JT3D  de¬ 
sign  experience.  The  quoted  cruise  turline  temperature* 
are  .'100  F  lower  than  the  General  Electric  temperature*, 
hut  the  cooling  technique  is  not  ns  advanced  (convex 
tive  rather  than  film  cooling).  The  ultimate  turhine  and 
hot  parts  life  is  a  function  of  cooling  design  (metal 
temperature*)  as  well  as  flame  temperature*. 

The  past  record  of  the  engine  manufacturer  cer¬ 
tainly  should  b»*  considered  in  evaluating  the  prolwible 
maintainability  end  reliability  of  nn  offered  engine  in 
production.  In  thia  rrspret,  it  is  felt  that  Pratt  1  Whit¬ 


ney  and  General  Electric  he*.e  demonstrated  their  abil¬ 
ity  to  attain  reliability  in  iheir  current  commercial  e»- 
gine  programs,  while  f  url  iss- W’ right  has  had  no  exp^ 
rience  in  the  commercial  tv  mine  engine  held. 

It  is  expected  that  n  ore  delud'd  information  !•* 
garding  the  reliability  flnd  maintainability  of  the  ofl<v9d 
engine*  will  lie  contained  in  the  engine  propoaal*  to  be 
submitted  on  January  IS,  1964. 


11.4.4  ENGINE  COSTS 

The  following  estimated  production  price*  and  devel¬ 
opment  costa  have  hen  received  from  the  engine  manu¬ 
facturer*  on  Dicember  23,  1963,  for  production  quan¬ 
tities  of  1200  engines  (200  ae.  plus  spares).  The  unit 
price  doc*  not  include  any  amortization  of  development 
costa 


Fuji  A*  ir'urer  Vntl  Arw  F  Drr  C—U 

GK4  J4C  General  Electric  *  W.OOO  $325,000,000 
GE4  F6A  General  Electric  l,O25.(XJ0  375.000.UJQ 
TJ70  Curtiss -Wright  f2«i..J00  333,G-t).000 

JT11F-4  Pratt  L  Whitney  U,04.000  350,000,000 
JT  1 1 F- 1 2 *  Pm 1 1 1  Whit  r.ey  1  /l* .000  500.000,000 
JTK15A1  Pratt  &  Wh.imry  1,8:4.000  500,000,000 
(STF  WB) 

•Tire  price  shown  is  for  a  vresior  o'  the  JTllF-12 
engine  hmitid  to  a  rontinuou*  cruise  Mach  num- 
lx*r  of  2.7  P&W  refers  to  thi*  mgme  as  the  Boeing 
version  o I  the  JTllF-11  engine. 


11.5  Ovcroll  Ivolvatloii 

A  simplified  scoring  system  was  us«d  to  evaluate  the 
offend  engines.  The  factors  considered  in  schvling  the 
optimum  engine  and  the  weighted  scoring  system  are 
shown  below: 


# 


A 

25 

20 

20 

15 

10 

10 


Scoring  Valor 


Ear  tor  ABC  D  E 

Airplane  Performance  25  20  IS  10  S 

Engine  Credibility 
Engine  Conlraiiur  Cnpohility 
lti-)i.ilnlity  i.  M.iint.iin.thility 
Engine  P'  wlurtion  Co.ta 
Engine  Availability  L  S«hodule 
The  engine  evaluation  in  shown  below.  The  total 
scott*  shows  the  GE4  .l  it’  engine  to  lie  the  primary  choice 
with  a  score  of  !K)  out  of  a  puv-ible  100.  The  remaining 
engines  have  the  same  lo.ai  score,  indicating  that  their 
suitability  as  alternate  engine*  in  about  equal. 
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Airplane  Performance 

25 

20 

15 

15 

15 

Frginc  Credibility 

10 

'20 

20 

20 

20 

Engine  Contractor  Capability 

10 

15 

15 

20 

20 

Reliability  nnd  Maintainability 

15 

15 

10 

10 

10 

Engine  Production  Costa 

10 

10 

10 

5 

5 

Engine  Availability 

5 

10 

5 

5 

5 

Total  Score 

75 

90 

75 

75 

75 

11.6  Development  of  Selected  Engine 
(RFP  3.2.9.11 

The  Gnrrnl  Klectric  OE4  J4C  engine  will  lie  developed 
hv  the  engine  manuf.ictiirer  to  meet  the  guarantied  per¬ 
formance  under  nil  flight  conditions  and  to  meet  the 
specified  reliability  and  maintainability  gods  established 
for  the  SST,  The  test  plan  leading  to  engine  eertifica- 
tion,  the  engine  production  schedule,  the  growth  poten¬ 


tial  of  the  engine,  and  the  reliability  and  maintainability 
aspects  of  the  engine  are  dcwiiwd  in  this  section. 

11.6.1  ENGINE  DEVELOPMENT  PIAN 

Significant  milestones  of  the  development  plan  as  pro- 
pused  by  the  engine  manufacturer  are: 

Mtmik*  After 
Co  Ahrmd 


•  First  dry  ermine  run  17 

•  First  complete  engine  run  23 

•  Flight  test  st-ttas  qualification  complete  36 

•  Type  certification  test  complete  60 


11.6.1.1  Ground  Te* 

Sufficient  ground  toting  is  required  to  obtain  engine 
performance  <*qual  to  or  exceeding  guaranteed  perform¬ 
ance.  The  engine  mcshanical  d<^ign  and  structural  in¬ 
tegrity  will  lie  proven.  Endurance  ns  well  as  cyclic  testing 
will  he  performed  under  controlled  inlet  pressure  and 
temperature  conditions  (altitude  chamber  and  heated 
air  test*)  to  simulate  av  much  of  the  flight  envelope  aa 
possible.  T<*sting  with  various  inlet  distortion  patterns 
will  he  performed  to  ;otefy  performance  guarantee*  with 
resjKtt  to  allowable  inlet  distortion.  The  detailed  infor¬ 
mation  on  the  number  of  U-st  engines,  manpower  and 
facility  requirement*.  and  the  test  schedule  is  not  avail¬ 
able  prior  to  the  submission  of  General  Electric*  firm 
proposal. 

It  is  planned  that  the  engine  contractor  and  the 
airframe  o intractor  will  conduct  integrahd  propulsion  pod 
testa  at  the  Arnold  Engineering  Development  Center  to 
confirm  compatibility  of  the  exhaust  noz/le-engine  inlet 
combination. 


11.6.1.2  Flight  Tail 

The  General  Electric  Company  lines  not  plan  to  flight 
test  the  C»*\4  J4C  engine  prior  to  its  installation  on  the 
prototype  *ST.  Boeing  runrum  in  this,  hecauv  no  suit- 
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•hie  aircraft  ia  available  on  which  the  engine  could  be 
tested  through  the  full  flight  spectrum  in  a  manner  which 
would  be  compatible  with  the  SST.  Sulwonic  flight  test¬ 
ing  doee  not  appear  to  warrant  the  expense  involved. 
Supersonic  flight  testing  of  the  engine  on  an  airplane 
other  than  the  SST  ia  of  questionable  value.  Flight  accel¬ 
eration  and  cruise  can  be  simulated  on  test  stands  under 
conditions  which  may  be  more  realistic  than  on  an  air¬ 
plane  where  the  propulsion  pod  does  not  have  exactly 
the  same  relationship  to  the  airframe  as  it  will  on  the  SST. 

The  engine  used  for  prototype  airplane  flight  testing 
ia  planned  as  a  pre-flight  rating  tested  (PFRT'  engine. 
Flight  testing  of  the  prototype  airplane  and  the  engine 
will  occur  simujtanooualy.  The  plan  for  thia  testing  ia 
covered  in  Section  8. 

11.6.1.3  Certification  Program 
(RFP  3.2.9.fd 

The  cumulative  engine  development  test  hours  leading 
to  type  certification  are  shown  in  Fig.  11-22.  Scheduled 
dates  for  preliminary  flight  rating  and  type  certification 
•re  noted.  A  total  of  approximately  10,000  test  hours 
will  be  run  to  obtain  type  certification  of  the  engine,  in¬ 
cluding  4250  hours  of  hosted  inlet  testing  and  250  hour* 
of  altitude  performance  testing. 

Further  details  of  the  General  Electric  certification 
test  program  ire  not  available  prior  to  the  submission 
of  General  Electric’s  firm  proposal. 

11.6.3  ENGINE  PRODUCTION  SCHEDULE 
IRFP  3  2  9. Id) 

Engine  delivery  schedules  during  the  development  and 
early  production  period  are  shown  in  Fig.  11-23.  General 
Electric  has  given  firm  dates  for  PFRT,  engine  certifica- 
tion,  and  delivery  of  the  first  four  prototype  engines  and 
the  first  four  production  engines.  The  remainder  of  the 
engine  delivery  schedule  is  as  inquired  by  Boeing  I'j  match 
the  airplane  production  schedule.  This  schedule  is  tmsed 
on  four  engines  per  airframe  plus  50  percent  spares  during 
the  prototype  flight  test  phase  and  25  percent  spares 


during  the  certification  progi  am.  Also  included  ire  three 
engines  required  to  support  tl  Boeing  propulsion  system 
ground  test  program  as  dot.  d  in  Section  8. 

11.6.3  GROWTH  POTENTIAL 

Engine  growth  is  required  to  allow  the  paylaad-rang* 
capability  of  this  aircraft  to  be  extended  following  the 
initial  airfmme-engine  dcvrln|iment  program.  General 
Electric  has  identified  a  two-phase  growth  plan  for  the 
GE4  J4C  engine. 

Phase  I  yiclda  a  four  and  one  half  percent  decrease 
in  SFC  at  minimum  augmented  power  at  cruise  by  means 
of  a  10  percent  larger  nugmentor  and  noralc  diameter  and 
■  50’  F.  inrre.aso  in  turbine  inlet  temperature.  The  aug- 
mcr.tor  efficiency  is  incre.asid  nlsiut  four  percent,  due  to  a 
lower  inlet  velocity  obtainable  w  ith  '.he  larger  augmentor. 
Takeoff  and  transonic  performance  are  essentially  un¬ 
changed. 
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Phase  II  gives  a  «ix  percent  increase  in  takeoff  net 
thrust,  a  10  percent  increase  in  transonic  net  thrust  and 
a  12  percent  increase  in  cruise  net  thrust,  all  at  approi- 
imately  the  same  SFC,  by  means  of  comjjonent  perforro- 
ance  improvement*.  The  changes  required  for  Ph*L.  M  are 
in  addition  to  the  Phase  I  changes  descrit>cd  above.  The 
engine  airflow  will  be  imre.tsed  approximately  five  to 
seven  percent  by  readjusting  the  compressor  blade  anglea 
and  turbine  nozzle  flow  area.  Also,  another  50'  F.  increaae 
in  turbine  inlet  temperature  will  be  used. 

If  a  different  growth  sequence  becomes  desirable 
because  of  test  experience,  the  engine  design  can  be 
modified  to  achieve  other  performance  characteristic*. 

11.6.4  ENGINE  RELIABILITY  AND 

MAINTAINABILITY  (RFP  2.25.6;  2.11) 
The  improved  technology  on  reliability  and  the  record* 
of  engine  experience  will  significantly  reduce  reliabil¬ 
ity  problems  on  the  SST  engine  program. 

Reliability  is  a  product  attribute  that  can  be  quan¬ 
titatively  specified,  analyzed,  predicted,  and  n  insured. 
For  the  SST  engine,  a  high  love  1  of  reliability,  achieved 
early  in  the  development  phase,  is  a  major  objective. 
This  recognizes  economic  and  safety  consequences,  effect* 
of  ojw rating  environments,  required  engine  time  between 
overhauls,  and  reduced  development  time,  due  to  the  lack 
of  military  •  •xpcrience  on  a  comparable  engine  operating 
in  the  same  flight  regime. 

Maintainability  is  closely  related  to  reliability  since 
both  influence  important  cost  indices  like  maintenance 
hours  per  airplai.**  flight  hour  as  well  ns  inspection  and 
overhaul.  The  significance  of  reliability  pnd  maintain¬ 
ability  requires  that  tiny  lioth  be  emphasized. 

11.6.4.1  Bosk  Approoch 

Reliability  and  maintainability  programs  at  General  Elec¬ 
tric  involve  the  establishment  of  goals,  the  predicting  of 
engine  and  component  ca|ubilities,  design  of  tests,  men*- 
urement  of  test  and  operational  results,  and  introduction 
of  improvements.  Reliability  design  goals  for  each  of  the 


subsystems  and  component*  are  establi*  oed  by  the  use  of 
a  reliability  apportionnsfit  system.  M  tintainability  fool* 
are  similarly  establishr-d  for  the  dexigi  and  development 
work. 

Detailed  design  reviews  on  reliability  and  maintain¬ 
ability  will  continue  for  all  component*  and  ayrtema  of 
the  engine  during  various  phases  of  the  program.  Hi# 
key  objective  is  to  unrover  and  eliminate  potential  prob¬ 
lem  area*. 

1 1 .6.4.2  Proposed  Objective*  (RFP  2.25.71 

A  reliability  and  maintainability  program  require*  mean¬ 
ingful  goals.  A  study  has  been  performed  by  General 
Electric  to  obtain  clear  and  concise  product  requirement* 
with  respect  to  reliability  and  maintainability.  Hie  criti¬ 
cal  factors  chosen  are  believed  to  lie  optimum  for  an 
augmented  engine  which  must  operate  in  the  flight  envi- 
ronment  of  a  supersonic  transport.  The  analysis  rrveaW 
that  no  single  asscv-ment  factor  would  provide  a  true 
evaluation,  w>  two  reliability  and  three  maintainability 
factor*  were  selected,  as  shown  below. 

OBJKCTtVFA 


•  Mean  Time  Between  In- Flight 

St  art  of 
AtHio* 
Smtrt 

CntM  r*  Dttnof 
Airtutt 
Vnirf 

Shutdown, 

•  Mean  Time  Between  Pre¬ 

3500  houra 

10,000  houra 

mature  Kneine  Removal, 

750  houra 

5,000  houra 

•  Overhaul  Mnnhoura 

•  Mean  Time  Between  InahQity 
to  Obtain  or  Sustain 

2.500  houra 

Ausmentirit  Power 
•  Maintainability  Index 
( Applied  Mnnhoura  per 

700  houra 

3.000  houra 

Flight  Houra) 

1.1 

0-50 

In  addition  to  the  almvr,  a  time  Iwtwern  overhaul  of 


f»00  to  1000  hours  i*  planned  at  the  'tart  of  airline  wrvice. 
Ylie  eventual  goal  U  4UW  hours,  with  no  midpoint  in¬ 
spection  required. 
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13.0  MOfUUION  SYSTIM  PUfOAMANCI 
(IFF  3.33;  3.3.91 

The  installed  performance  of  the  C F-4  J4C  engine  ie  pre¬ 
sented  in  this  section.  The  engine  date  include  the  effecte 
of  inlet  pressure  recovery,  horsepower  extraction,  and  air 
bind.  The  total  pod  dreg,  except  for  akin  frn  lion,  corrected 
to  free  atrmm  condition!  is  alar  included  in  thia  xert  kaL 

13.1  Inlet  fetal  Preituro  Racevary 

The  inlet  match'd  with  the  GE4  J4C  engine  ia  an  ax>- 
symmrtric  inlet,  "he  inlet  total  pressure  recovery  veraua 
In*  stream  Mach  lurnlsr  need  in  computing  engine  per¬ 
formance  ia  shown  in  Fig.  12-1.  Inlet  total  pressure  recov¬ 
ery  ia  an  average  of  the  inboard  and  outboard  engine 
location!.  Five  percent  of  the  inlet  airflow  ia  bled  from 
the  center  body  and  inr.er  cowl  surfaces  for  boundary 
layer  control  to  achieve  the  level  of  inlet  total  presaur* 
recovery  drown.  Substantiation  and  description  of  theae 
performance  figure*  ia  covered  in  Section  3. 


13.3  (ahauxt  Njxile  Performance 

The  estimated  norzle  internal  thrust  coefficient  supplied  by 
the  engine  manufacturer  ia  shown  in  Fig.  12-2  for  varioua 
flight  condition!  The  nozzle  coefficient  drown  inrludea  the 
mm  drag  of  the  wcundary  air  but  does  not  include  the  ex* 
temal  boa  l  tad  drag.  The  nozzle  boat  tad  drag  ia  diacuaaed 
in  Par.  12.4. 


1 3.3  Power  f atractlon  and  Air  Elaad 

Power  extraction  ia  required  for  aircraft  hydraulic  and  con¬ 
stant  speed  drive  systems.  A  constant  100  homrpowet  haa 
been  evlrmbd  per  engine  to  account  for  these  require¬ 
ment*.  It  ia  rtcognizid  that  during  cruise  condition!  thia  ia 
high;  during  other  phases  of  flight  this  figure  in,  in  general, 
adequate.  There  are  short,  high  power  extraction  period* 
during  which  the  figure  ia  low.  In  terms  of  an  overall  flight, 
the  100  horsepower  ia  a  conservative  value. 
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High  pmuur*  iompr*vwn  bleed  Air  i%  required  9m* 
ab»n  Air  conditioning  Fif.  12-3  bata  the  engine  comprewror 
leed  extraction  per  engine  for  vanon*  flight  rondiUona. 


AIRPLANE  OPERATING 
CONDITION 

AIR  BLEED  EXTRACTION 

LB  SEC  ENGINE 

TAKE Of F 

IJ 

CRUIJF 

03 

MOLDING  >.•  M 

15.000  FEET 

U 

CRUISE  TO  ALTERNATE 

M  >  OJ  *6  OOT  FEET 

IJ 

CLIMB  AND  ACCELERATION 

IJ 

CEI  At /bf««4  R.Auirwwwwfi 


13.4  Intfollad  Propultlon  Pad  Drag 

Cowl  wravc  drag.  inlet  xpilliigr  drag,  cowl  lip  ruction  forw 
clue  to  spillage,  inlet  bypass  drnj,  inlet  boundary  laser 
hl«vd  drag,  norile  bonttail  drag,  and  strut  drag  were  com¬ 
puted.  Pod  and  strut  friction  drug  are  included  in  airplane 
friction  drag  and  thus  are  not  inf  luded  in  propulsion  pod 
drag.  The  total  installed  pud  drag  coefficient  is  shown  in 
Fig  12  4  for  the  GK4  J4C  engine  ah  a  function  of  free 
stream  Mnch  numbtt.  All  drag  rm-flicienU  ait  hn^d  on  the 
inlet  lip  fronUl  Area.  The  various  contributing  drag**  are 
*  1*0  shown. 

12.4.1  COWl  WAVE  DRAO 
Cowl  wave  drag  an*  computed  by  using  a  hieing  pro¬ 


gram  which  ia  an  improvement  of  a  Lighthil)  method 
for  predicting  surface  pressure*  of  atialJy  symmetric 
bodies  (Ref*.  5-9).  Inlet  size  was  fixed  for  each  engine; 
allowing  for  inltl  boundary  layer  hind  and  for  local  density 
in  the  wing  pressure  field.  T)x  cowl  drag  was  computed  for 
the  under -the- wing  cowl  in  a  free  stream  ambient  preaauf* 
field.  'Dili  drag  was  then  currwWd  for  under-tl*.  wing  pra*» 
sure  held  ah  part  of  the  airplane  drag. 

12.4.2  INLET  SPILLAGE  DRAG  ANO  COWl 
UP  SUCTION  FORCE 

Inlet  spillage  drag  wan  computed  for  all  engines  for  a 
12  5  degree  non-translating  centerbody  with  an  inde¬ 
pendently  variable  throat,  bawd  on  free  ft  ream  spillage 
a reai.  Conical  flow  theory  was  used  to  compute  spillage 
drog  <Rcfv  10  and  11).  The  cowl  lip  auction  force  aano- 
rintid  with  inlet  spillage  is  included  in  the  spillage  drag. 
A  breakdown  of  the  spillage  drag  and  the  auction  force  ia 
shown  in  Fig.  12-5. 

12.4.3  INLET  BYPASS  SYSTEM  MOMENTUM 
AND  EXTERNAL  BYPASS  DOOt 
WAVE  DRAG 

The  inlet  supply  mr  often  ex  reeds  the  engine  demand  air. 
The  cxi  iss  air  i*  c \\* -lied  through  low -angle  hypaaa  door* 
ahead  of  the  compressor  face.  During  transonic  speed*, 
when  the  h\ju^  door*  are  open,  the  discharge  angle  ia 
7  degree-*  relative  to  the  cowl  external  surface.  Wave 
drag  for  the  ext*  mal  bypass  dooriani  included  in  the  by¬ 
pass  (Jr.ag  for  An  a-jiect  ratio  of  one  (Ref.  14).  The  drags 
are  mn*i»lrnt  with  external  bypass  door  drags  in  Refs.  15 
and  Ifi.  The  air  momentum  dr:g  was  computed  for  a  o*n- 
vergent  nnule  at  10  degress  (7  degree**  plus  3  degree* 
row!  angle)  relative  to  the  axial  direction.  The  maximum 
norrle  thru**!  coefficient  is  0.9fi\  which  cuvur*  at  transonic 
sjxxdv  The  total  pressure  of  the  bv|M«s«  air  is  Hfl  percml 
of  inlet  rremery  total  pressure  (Fig.  12-1)  at  all  Mach 
number*. 
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12.4.4  INLFT  BOUNDARY  LAYER  BLEED  DRAO 

To  provide  good  inlet  |  wr  forma  nee  after  the  inlet  Li  started, 
boundary  layer  air  in  bled  from  both  the  ernterhody  and 
the  mwl.  At  Mnrh  2.7  the  amount  Med  and  diwhjirRcd 
ov<-rl«iard  i*  five  (xrn-nt  of  (lie  total  inlet  .upply,  TT># 
rrnt.-rliody  hli-c-d  ia  clos'd  off  la-low  Mmh  1.5.  It  ia  »»- 
.timed  that  the  cowl  Nml  ia  aerodvnnmirnlly  .hut  of! 
la-low  M  tich  1  .1  lni’su'e  of  the  low  Wmi  pressure  rerov- 
ery.  All  bleed  air  is  dwharged  overhuud  through  con¬ 
vergent  divergent  nnz/hi  at  7  dego-es  from  the  n  .al 
direction.  The  nozzle  exit  to-thront  expansion  rntio  i*  1.25. 
The  bind  total  prt-ssurc  mxjvcrv  in  0.3.  The  nozzle  thrust 
coefficient  at  Marh  2.7  ia  0.965. 

12.4  5  EXHAUST  NOZZLE  BOATTAIl  DRAG 

Sujtcnonic  nozzle  ItoatLail  drags  were  computed  using  the 


meth«d  of  Rif.  6  For  the  (IE>  J4C  engine,  the  nouW 
boat  lail  angle  Module  wa*-  tbr  optimum  which  yielded  'be 
maximum  imulled  climb  thrust  and  minimum  installed 
*uh*onic  >•)*•*  i he  furl  consumption  (SK').  Sultwonic  notzle 
boat  tail  drags,  at  maximum  dry  pmer  setting.  Here  based 
on  lest  data  prrsr nted  ui  Ri*f.  12  SutiMmir  and  transonic 
nozzle  hut  tail  drags  for  other  |sj*er  set  tings  were  baaed 
on  data  in  Ref.  13.  Tlie  nozzle  buatuil  angle  schedule  used 
in  computing  installed  performance  is  shown  in  Fig.  124. 


POWER  SETTING 

MACH  NO. 

BOATTAIL  ANGLE 

MAXIMUM  AUGUlhTtD 

OTO  IJ 
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1.0  TO  U 

U 

U  TO  V 

c 

DRI  POWER 

OTO  O 

1U 

7.1 

0 

Cut  Not/I*  S«rt»nff 

12  4  6  WAVE  INTERFERl^CI  DRAO 

The  actual  row  I  wave  drag  is  his.  r  under  the  wing  be- 
muse  of  the  }o<  a|  wing  pressure  field  on  the  cowl  and  because 
of  wa\e  rr  flections  U  t  wn  n  the  cowl  and  t lie  under  surface 
of  the  wing  Ihc  pressure  field  under  the  wing  incrrasea  the 
inlet  spillage  drag  and  docrr.wv  the  inlet  mm  drag.  This 
interference  drag  hr* wren  the  jv*d  and  (Iw  wing,  and  the 
akw mated  wing  lift,  nrr  included  in  the  airplane  perform¬ 
ance  and  are  more  fully  cow  red  in  Volume  A-V,  Actt>- 
dv  nan  lot 
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12  47  NON-STANDARD  DAY  DR  AC 

FW  flight  (luring  liul  or  odd  das*  the  Ii'  jwim  sj.fern  h*n- 
dles  (In*  difference1  in  engine  nvi"  flow  rojuircment.  The 
resulting  iw’n-ny  or  do  rc.»  *'  in  h\  |»as>>  drag  wan  comput'd 
lifting  the  method  (iiN'rilMii  in  I\;r  !.M  1  Fig.  12  7  show* 
the  bypass  drug  ojeffirient  increment  for  n  plus  and  mi  nun 
20  degntw  Rank  me  (R)  day. 


1.0  IS  ?0  75  3  0 

MACH  h'JUStR.  M  _ 


rrsi  Non  Storidord  Day  Bypot  *  Drt if 

12  4  1  ENGINE  SHUTDOWN  DRAG 

During  supersonic  cruise,  if  the  engine  i*  shut  down,  the 
wind  milling  hrnke  will  I**  applied,  reducing  the  engine 
nruisH  flow  to  10  |M*rcent  of  normal.  The  omtrnllid  and  mv- 
ondnrv  bypass  doors  will  dw  barge  the  excess  n ir  fn>m  the 
inlet  fur stable  ojiernlion.  At  Mnch  2  7.  the  incrrn«e  in  p*d 
drug  ror  Anient  for  the  b\pas-.  v\st^m  nnd  the  ;to//le  boat- 
tml  is  The  e-limnlnl  internal  drng  coefficient  in¬ 

crease  is  0.0318  (tvwsl  <>n  hrr.ked  J!H  dab*). 

Durthg  MiltNinic  n|wrations  Also,  if  the  engine  is  shut 
down,  tne  wmdmdlmg  hrnke  will  lie  npplud.  'ITie  incren*# 
in  pon  drag  cnefTmenl  fur  the  bypass,  external  rpillage, 


and  t«  tat  Util  is  0.b782  The  internal  drag  eta -thorn  I  is 
O.OUMJ  (lia*ed  on  braked  J9.3  data). 

IT  S  Engine  Parformorvta  Data 

The  engine  |M-iforman<c  data  were  derived  from  Rrfa.  17 
and  I*  Afi<Si  rxlift  to  tin-**  nfcrentx^  liave  result  I'd  from 
coordination  U  l" ivn  General  Fleet rie  and  Boeing. 

TTie  [lerfornmuv  data  are  hwd  on  the  1W2,  UA 
Standard  Alnwr-pliere.  Fig  12-8  slum*  tlw  design  chamc- 
terMic*  of  the  engine. 

12.5.1  ENGINE  OPERATION 

'Phe  CF.4  J4C  engine  is  capable  i.5  continuous  vmine  op¬ 
eration  at  Math  2  7  nt  maximum  dry  j*>w«*r.  It  is  al*o 
capable  uf  continuous  cruise  with  augmentation. 

12.5  2  STANDARD  CAY  INSTAUED  ENGINE 
PERFORMANCE 

•  Takeoff:  Maximum  Hugrnenbd  thrust  and  maxi¬ 
mum  dry  thrust  are  shown  in  Fig  12  9  at  sea  level  for 
true  mr'jftfds  up  to  4U0  V  nut-v  'Hie  SET  for  the  above 
condition*,  are  shown  in  Fig.  '2-10. 

•  Climb  nnd  Ac* 'Tr  ration:  Mnximum  augmented  ne< 
thru  t  divide*!  h\  ineompn-v  ihle  d> nama  pressure,  (F,  q) 
nnd  SM’,  vi  r-us  Ma«  h  numU  r  'or  a  range  of  flight  speeda 
up  to  Mai  h  2  7  and  climb  Altitude*  altove  15.0*10  feet,  am 
pre*^  nted  in  Fig*.  12  11  nnd  12-12.  Maximum  dry  F.  q 
nnd  SrC  wr-su*  Mmh  numl*r  up  to  Mx  0.9  are  alno 
include*]  for  altitude*  from  wa  level  up  to  .3f»,G89  feet. 

Partial  mignv  nlat ion  F.  q  verMi*  SET  for  a  range 
of  Mm  h  numb  r*  nt  altitude*  of  15.(MI,  25,0*0,  3h,0K)  and 
45,(x«l)  fis  t  are  shown  in  Figs.  12  13  through  12-  1ft. 

•  Su|n  rs<imc  Cruw  The  aftirhoming  F.  q  vrmia 

SFC  for  a  range  of  drv  nnd  Augment  *!  power  netting* 
an*  shown  in  Fig.  12-17  for  M  *  2.5.  2  7.  nnd  2  9  at 

ftVOfn  feet  The  altitude  rfhs  l  on  K.  q  and  SFC,  fn*n 
55,000  to  75,000  fn-t,  at  M  •*  2  7.  i*  shown  m  Fig  12-18. 
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19.0  KCrUIHCU 

Cogue •  of  the  folloumg  rtft.enctd  data  may  be  obtained 
by  making  a  rrquett  to  either 
The  Boeuxg  Company 
Suite  120  Commonueolt A  Building 
1625  K  Street 
Washington  6,  D  C. 
or 

The  Boeing  Company,  Airplane  Damon 
P.0  Box  707 
Renton,  Washington 
Attn  M  L.  Fennel I 

Organisation  6  2000 
Mad  Stop  7yeo 

The  numbrrrd  reference*  below  are  sptvifically  referred 
to  at  appropriate  place*  throughout  the  Irxt  of  Volume 
A  VI. 

The  additional  unnumU-rrd  reftrrnciw  have  provided 
data  and  n>ruf|)ti  »huh  liave  b»vn  evaluaUxl  and  appli<d 
to  the  development  of  live  propulsion  «>»U*tn  propun^d  u> 
Volume  A-VL 

1.  General  Eli'dric  Preliminary  In*  filiation  Manual, 
CKI  J 4C,  GK 167869,  NovcmUr  15.  1963 

2.  General  Electric  SST  Engine  Pro|*c»v*l,  Volume  E-VI. 
Component  PeMTiptiotw  and  Performance 

3.  A.  Sudan  ar.d  I  Mdialora:  Performance  of  a  Variable 
Divergent  —  Shroud  Elector  Norile  Designed  for 
Might  Mach  Number*  up  to  3  0,  NASA  'PM  X255, 
January,  1561 

4.  J  Dempsey  An  Investigation  of  Cokr  1’ormation  in 
Fuel  Tanka  in  Mi  h  2  5  to  3  5  En\ imrw*  nt,  Doru- 
n**nt  iXklOlUO,  January.  P*V4,  ’Hie  R<» -ng  Company 

5.  M.  J  l.tghthtll  General  'IT^.ry  of  High  Sp***!  Aero 
dynamic*.  S*xlion  E.7;  Prin<Yton  L’mvrraity  Prr**, 
I960 

6.  0.  Solvang.  Pressure*  on  Bodice  of  Revolution  at 


Supr -some  Spt«*d,  IXwurraTit  D6 7 M2  (TX63),  1H1, 
Tlie  Ik  *-mg  Company 

7  E  Oliman  13>e  Application  of  a  Eighthill  Formula  far 
Numerical  Calruliition  of  Pressure  Distribution*  on 
lk*he»  f  Revolution  at  Sujirrwmic  Speed  and  Zero 
Angle  of  Attack,  SAAB  TN45,  1900 
8.  I)  ('ollard  S.ijwnomc  Wave  Drag  of  Aauymmetnr 
Inlet  N«(i  He  ( 'oriiimiMtema  at  7-eru  Angle  of  Attack; 
Document  I*>81 2 3 4 5 6‘.ko,  r#>‘\  T)»e  Boeing  Company 
9  A  Sigalla  Nc  t r  on  the  (  drulutinn  of  Superaoiuc  Inlet 
Dncg.  I)««-urnc  :it  1)6  5513,  ]!«)), ’Hie  Ik «e mg  Company 

10  Anon  Tanli*  of  Sui*-ix»n»c  Fhm  Around  Cc  nea,  VoL 
I,  Department  of  Fie*  tncal  Engineering  Maaaachu- 
hetLs  Institute  of  Technology,  1947 

11  M  Sibulkin  Thc-orvtic  .*1  and  Eijirnmcntal  Investiga¬ 
tion  o»  Additive  Drag.  N At  A  R  1187,  1954 

12  J  Swihart,  C  Mi  nvr.  11  Norton  Effect  of  Afterbody* 
Epvtnr  (  onf.guiations  on  t lx*  Performance  of  a  Pylon- 
Supj*jrt4’d  N’iceiie  Mode]  Having  a  Hotair*  Exhauat; 
NASA  TN  IM.  1962 

13.  J  CuMmCc  Jet  EfTrc  la  on  the  Drag  of  Conical  After* 
b«dic*»  for  Mac  h  Nuinla  r*  of  0.6  to  1.28,  NAC’A  RML 
571121,  1957 

H  A  K  Ikmnev  Engineering  Su|a*r>*onii  Aerodynamirm; 
M.Oraa  Hill  Fk*ok  Co  .  1950 

15  A  K  Ve  k  An  Invest  ijrnt ion  of  I)is»  hnrgr  and  TTmart 
f  h.u  li  rr-ties  of  Flapi**!  Outlet*  for  Stream  Marh 
Numl-  >*  fmm  0  4  to  1  3.  NACA  TN  4007,  1957 

16  A  R  kick  An  Investigation  to  Determine  ti.e  Dia- 
«  hicrge  nnd  Thru* 1  Cli/irnc  t/  retio  of  Auxiliary  Air  Out- 
h  l*  for  a  Stream  Mach  NuinUr  of  3.25,  NASA  TN 
I)  1478,  1962 

*  J7  Gener.il  Metric  Preliminary  Performance  Rollrtin  for 
the  . Fl  Jtr  Augment**!  Turlmjet  Engine,  S|x*rifica- 
ti.n.  Nun.Ur  GF1  <  7)*70t  .January  15,  1964 
*lfl  fn-nernl  I  !**tnc  Per  for  mn  n^e  (  nrej  I)i*  k  R63FPD377 
*19.  C.rrn  ml  Flee  trie  Engine  Model  Sfw*  ifiratxm  E2031, 
Novr-mlirr  15,  1963 

*0bUm  from  General  Electric. 
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•  Inlet  Exhaust  Thrust  Roer-er  Program  for  the 
Commercial  Supersonic,*  TranNpurt  —  Quarterly 
Pn>gre*«i  Repurta 

Report  Norn.  LR  16261  -Srriaa 
Contract  No.  AF  33(657)  9433 
Dukheed  Aircraft  Corporation 

•  Commercial  Supemoruc  Transport  Program  En¬ 
gine  Cycle  Study  Program —Kina!  Report 
(GK4  Engine  Study) 

Report  No.  K61FPD222 

Contract  No.  AF W{C!)?0-WJ2)  Project  No.  1056 
flight  Propulsion  Division 
General  Electric  Company 
July  9,  1963 

•  Supersonic  Tr^u-'pirt  Engine  Data  CKt  J4  Study 
A  AJwinnd  T«  hnology  TurUjjel  Superdome 
Tran  |»>rl  Propulsion  Operation,  Advanced  Engine 
and  Technology  Department 

General  Kl«x*tnc  Company 
July  1  *.  1961 

•  Sup»er*'iii  ^rnn  |*»rt  Knit  me  Study  Data  —  GE4 
K5  Study  A  -  Adwinnil  T»-«  hriolog)  Turtwfan 
Sup»ers< »mc  Tran  pirt  Propulsion  Operation,  Ad- 
vwt'd  F.mpne  and  Tn  hnology  Dcj >a rt/nen t 

(>m  ral  F.Iec  trie  Company 
August  9.  1961 

•  °  ij»*rs4»nif  Transput  Prnpu!  n  System  Study  — 
Final  Technical  lb|»>.t  Ap>p«ndu  D  —  FXti* 
m.iti’d  Performnmc  ami  Install.iti  *n  Data  for  a 
Duct  Renter  Turbofan  Engine  M  *lel  STF-164C 
By  W.  F.  7-ivatkny 

Report  No.  TDM  1726 
( A pja nd 1 1  I)  U)  Rrjmrt  PWA-2014) 

Contra*  l  AF  lit  HO)  4.1496 
Pratt  &  Whitney  Aircraft  Division 
January  25.  5%2 

Iru  ludes  Sup»p*l«Tnent  l.byT  Phillip**,  dated  March 
15.  1962 


•  Supervmic  Transport  Propulsion  System  St*»dy— 
Final  Technical  Report  -Appendix  C—  EsUmatad 
Prrfomviiur  and  I  retaliation  Data  fur  a  Turbojet 

Engine  ST  J  172 

Report  No  TDM  1737 

(Ap|«  ndu  C  to  Kipirt  PWA-20C1) 

C  mtnot  AF  33(G0U) 43496 
Pratt  &  Wlutney  Aircraft  Division 
January  25,  1962 

•  SujwTvmic  Trmivpo'i  Pn.pulMon  System  Study— 
Pinal  Technical  Rrp*>rt  Appendu  E  Estimatad 
Performance  and  Installation  Data  fur  a  Dud 
Heater  Tuil«>f.in  Engine  Model  STF-164D 
Report  No.  TDM- 1741 

(Appendix  K  to  Report  PWA-2034) 

Contract  A F  .11  (CnJO)  -41496 
Pratt  k  Whitney  A  in  Taft  Division 
January  25,  1962 

Includes  Supplement  1,  by  T.  f'hiltipa,  dated 
Man  h  15.  1962 

•  Su|arv*!m  Tranvjani  Propulsion  System  Study — 
Final  T«**lini<al  Repmrt  Apjw-ndt*  F  —  Eiti- 
nulid  15  i  hi/iu.mc  end  It  -  tails* e >n  Data  for  • 
Tuibd.m  K'.mji  t  Engine  M-ld  STFRJ-179A 
Rep.rt  No  'I  DM- 1762 

<Ap|*  ndi*  F  to  Hi*|iort  PWA-2034) 

Pi.it t  L  Whitney  Aircraft  Division 
January  25,  1962 

•  Su|a  rv»nu  Tran  |«ort  Propulsion  System  Study  — 
Final  Tt^hmcal  Report  Apju  ndi*  A  t  B  (Tur- 
b  Tin.  Tut  bij«-t  and  Turb *fan  Ramjet  Engine*) 
Rrjiort  No  I'WA  2014,  Appendix  A  A  B 
Contmit  No  AF.IKbiOi  4.14% 

Pratt  l  Whitney  Aircraft  vision 
Jamnrv  25.  1962 

Ap|*ndn  A  "Computation  of  Parametnc  En- 
fine  Performance** 

App*ndix  B  ***« in-raft  Weight  and  Drag  Esti- 
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First  Quarterly  Progress  Rrjwrt  on  Engine  Cycle 
Studies  fur  the  Commercial  Su|MTHonic  Transport 
(STF  l'«MA  Turbofan  Configuration) ;  hy  G.  W. 
Smith,  R.  I,.  SUiuttfirh  and  T.  G.  Slaiby 
Rrpirt  No.  PWA  2095 
Contract  AF  13(f57)-9283 
Pr.it  t  L  Whitney  Aircraft  Division 
Juno  1 -August  31,  1962 

Second  Quarterly  Progress  R<  jxirt  on  Engine  Cycle 
Studies  for  the  Commercial  Supersonic  Transport 
(STF-U8A);  hy  G.  W.  Smith  and  It.  L.  Staubach 
Import  No  PWA-2112 
Prntt  &  Whitney  Division 
DeocmlxT  1,  1962 

Second  Quarterly  Progress  Report  on  Component 
Development  Program  for  the  ComrrK*rcial  Super¬ 
sonic  Transport  for  tiie  Period  4  September 
through  4  December  1962 
Report  No.  PWA -2 127 
Contruct  AFU(657)-9059  Task  No.  9056 
Pratt  1  Whitney  Division 
January  4,  1963 

Vjlumc  I  —  Compressor*,  Turbines,  Combustors, 
Bearings,  Seals,  Duct  Heaters  and  Noise 
Volume  II  —  Fuel  and  Lubricant* 

Third  Quarterly  IV  igress  Report  on  Engine  Cycle 
Studies  for  the  Commercial  Supersonic  Transport 
—  for  the  lVm>d  December  1,  1962-February  2 fl, 
1963  STF-18HA,  -B  and  STF-191A);  by  G.  W. 
Smith  Hnd  R.  L.  Staubach 
Rejxirt  No.  PWA-2169 
Pratt  &  Whitney  Division 
March  1,  1963 

Third  Quarterly  Prognss  Report  on  Component 
Development  Program  for  the  Commercial  Super- 
H.nk  Transport  for  the  Period  5  I)e<x*ml»er  1962 
threw  *jh  4  March  1963 


Rejuirt  No  PWA  2198  —  Volume  X 
Contract  No.  AF'  31(657)  K)59,  Task  No.  9056 
Pratt  &  Whitney  Division 
April  4,  1963 

Includes:  Comprise™,  Tu/hin«»,  Combustor*, 
li*  M  rings,  S«-ti)s,  Noi ■*'  Control  and  Duct  Hi-.i tern 

•  Summary  Progress  llej>ort  or  Engine  Cycle  Studaoi 
for  the  Cor,  jiier i  ut!  Suj**n*i..ic  Transport  (Turtles 
jet  and  TurUdiin  Eng.no);  by  G  W.  Smith  and 
R.  L.  Stauhoch 

Report  No  PWA-2200 

Contract  No.  AF  11(057)  9283,  Project  9056 

Pratt  L  Whitney  Aircraft  Division 

April  1,  19G3 

•  Summary  Kt  port  un  Oomjxmcnt  Dev-iopment 
Program  for  the  C  mmercial  Su|xnio.iic  fYansport 
(Includes  Compressor*,  Turhm<’s  Nozzle*,  R®- 
versf-rs,  Noise  Suppressors,  FueLs  and  Lubricant®, 
Beurings  and  Seals,  Duct  Heater*) 

Rt  port  PWA-2204 
Pratt  £  Whitney  Division 
April  1,  1963 

•  F'ir»al  Tethniral  Report  on  Engine  Cycle  Studio* 
for  the  Commercial  Sujx-rv.>n»c  Transport;  by  G. 
W.  Smith  and  R.  L.  Staulxub 

Rejxirt  No.  PWA-2205 
Contract  No.  AF  13(667) -9283 
Pratt  &  Whitney  Aircraft  Division 
June*  1.  1963 

•  Final  Technical  Report  on  Component  Develop¬ 
ment  IV'gram  for  the  Commercial  Supersonic 
Transmit  (l’>  (Include  Compressor*,  Turbine*, 
Nozzle**,  Thru-t  Reverses,  Nob*  Suppressor*, 
Furls  and  Lubricant*,  Bearing*,  Seals  and  Duct 
Heater*) 

Report  No.  PWA -2222 

Contract  No.  AF  13 ( 65? ) -9V)5;  Task  No.  9056 
Pratt  L  Whitney  Division 
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June  4.  1962  -June  4,  1963 

•  FA  A  Component  Ri-seanh  Program  for  Commer¬ 
cial  Su|M'r*4>rui'  Transport  ( Inc Iu<l«^t  Nozzles, 
Blade*.,  Rotors,  Kuil  nnd  Exhaust  System*,  Noun 
Criteria,  and  Tianepiratinn  Air  Cooled  Auxiliary 
Power  Extraction) 

C<  m  t  ract  No.  A  F33  ( 657 )  -9058 
Wright  Aeronautical  Division 
Curtiss -Wright  Corporation 
Apni  i,  y.m 

•  Supersonic  Transput  Propulsion  Sysli-tn  Compo¬ 
nent  Research  and  Study  Program  —  Final  Rejzort 
for  the  Period  23  May  1962  to  23  May  1963;  by 
S.  Moskowitt 

WAD  Serial  Report  No.  SST : 00-277 
Program  Ana  — 920K 
Contract  No.  AF  33  (657)  -9058 
Wright  Aeronautical  Division 
August,  1063 

Volume  I  — -  High  Temperature  Turbines 
Volume  II  —Exhaust  System  Noise  Criteria 
Volume  III  —  Auxiliary  Power  Extraction 

•  Sujiersonic  Tinnsport  Propuls.on  Syr-lexn  Contin¬ 
ued  Research  nnrl  Study  of  High  Temperature 
Turbine  and  Exhaust  Nozzle  Noise  —  First  Quar¬ 
terly  Progress  Kepirt  for  the  Period  April  15 
thrujgh  July  15,  1!H»3  ( Ira napi ration  Air  Cooled 
Blades  Research  Program) 

Contract  No.  AF  33  (657) -9058 
Wright  Aeronautical  Division 
August  15,  1963 

Volume  1  —  High  Temperature  Turbine  Program 
Volume  II  —  Exhaust  Nozzle  Noise  Program 

•  Re-earth  on  High-Temperature  nnd  Flu  id -Resist¬ 
ant  Sciil  nnd  Sealant  Materials  for  the  Supe  rsonic 
Transport  (Republic  Aviation  Corjviration  Study; 
Includes  Polymers  me1  Silicones);  hv  Jolin  I jnt 
/SD  Technical  Documentary  Report  63-573 


Aeronautical  Systems  Division 
Air  Force  Systems  Command 
July.  1963 

•  In\«>tigMt«c#n  uf  Fire  Kx  l  u.  go  idling  AgenU  for  So- 
jxrsonic  'i  ranspirt,  by  Herbert  L*juie*rnax)  and 
John  E.  Basinski 

ASD  Technical  iXicumenLary  Report  No.  TDR63- 

m 

Air  Forte  Aero  Propulsion  laboratory 
Aeronaut^  al  SysU-rna  Division 
Air  Forte  S>  i- terns  Command 
SeptemUr,  1963 

•  An  Investigation  of  the  Performance  of  Jet  Engine 
Fuels  for  Su|*  rsonic  Transjiurt  Aircraft  (Include* 
Properties,  Storage,  Combustion  and  T«»t  Riga) 
Quarterly  Progress  Ri*porU 

(Contract  No.  AF  33(657)  -HH62 
Coordinating  Research  Council,  Inc 

•  Inlet-Exhaust  'Ilini't  R**verser  Program  for  th* 
Commercial  Sujx-rsomc  Transport  —  Sumn»ary  Re- 
port 

Rejurt  No  I.R  16261-2  EAC  5H4499 
Contract  No.  AF  33(657)  -9433 
IxaMieeJ  Am  raft  Corjoratiun 
March  2*.  1963 

•  Inle  t  Kxh/ui  l-Thru-t  Revt  rser  Pnigram  for  the 
Commercial  Su;*  r  onic  Transport  —  Final  Report 
Report  No.  I.R  16261-3 

Contrac  t  No.  AF  33  (6.57)  -9433 
Dxd.hud  Aircraft  Corporation 
July  26,  1963 

•  Rcsciiri  h  on  High  Tttnpern lure  Resistant  Si-al  and 
Sealant  .Materials  for  the  SujxTsomc  Transport — 
Quarterly  Tec  hnu'al  Rejxirts 

Report  Nos.  543-Seric*  (ARD-Soriaa) 

Contract  AF  33(6.57) 9609 
Republic  Aviation  Corporation 
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Inlet  hkhiiu-t  'Him**!  Revir*n*r  Program  for  t)*e 
Commeri  utl  Sii|M*rv>nic  Transjiort  —  Final  Quar¬ 
terly  Rej-ort 

PAG  Report  No.  I  R  17283 
Contra  t  No.  AF  33  (667).  11419 
1><m khi'tnf  Aircraft  Corporation 
OfP  her  10,  1963 

T*lwnrt*.-*l  St  res*  I  )etei  ruination  Tw  !ii»i(ju<n  in  Su- 
per*j»nic  'I <ran*>|K *r t  Airc  raft  Structure***  —  Quarter¬ 
ly  Suimn-i'icK  of  Tivhnunl  Intern  lure  —  Bibliogra¬ 
phies  of  Thermal  Sires*  Analysis  Uef;*ivncea 
Report  No.  2114 -Serial 
Portrait  AF  33(667) -8936 
Bell  Aircraft  Cor]*»rntion 

Control  Data  Requirement#  Investigation  for  Op¬ 
timization  of  Fuel  on  SujxTsonit  Transport  Va- 
hides  —  Quarterly  Teihniuil  Report  No.  2  for  the 
Period  July  30  -OctoN  r  23,  1962 
Report  No.  621  f  6622  9299 
Contruct  AF  33 (667) -8822 
Hughes  Aircraft  Company 
(Vfotvr  29,  1962 

Control  Data  Requirement#  Investigation  for  Op¬ 
timization  of  Fuel  on  SujxTvmic  Transport  Ve¬ 
hicles  —  (Quarterly  Ttvhnienl  Report  No.  3  for  the 
Period  29  October  thru  27  January  1963 
Report  No.  63IM241  9299 
Contract  AF  33 (667) -8822 
Hughes  Aircraft  Company 
January  28,  1963 

Inlct-K«hau«t -Thrust  Rtverwr  Program  for  the 
Commercial  Supersonic  Transport  —  Quarterly 
Technical  Report*  (Turbofan  and  Turliojet  En- 
Ifines) 

Contract  AF  33(657)-9371 
Flight  Propulsion  Division 
General  Electric  Company 


-  Inlet  Fu'uui'*  Thrust  Ri-vrrxer  Program  for  tha 
Commercial  Suj»er**on'r  ^ransfiort  —  Final  Report 
Ri*js>rt  No.  R63FPD295 
Conirnct  AF  33(607)  9371,  Project  No.  9066 
Flight  Propulsion  Division 
General  !-)!•*  trie  Company 
5v*pt<inU  r  30,  1963 

•  (‘ornmen  ml  Su|«er>omc  Trarejiorl  Program  Pro- 
pui  ion  Ooinjxment  Program  (Compn-^sora,  Tur- 
ijii.i— .  Exhau  t  S>  t«*m\  No/zli-s,  Thrust  Reverarra 
and  Fu«*ls)  Quarterly  Reports,  Project  No.  9066 
(3mtr.ii  t  AF  33(667) -001 7 

Flight  Prop  ;hion  Division 
General  El«*»  trie  Company 

•  Commercial  Supersonic  Transport  Program  Pro¬ 
pulsion  CornjKinent  Program  Final  Report 

R<  j*>rt  No.  1(63(667) -9017 
Flight  Propulsion  Division 
General  Electric  Company 
July  24.  196.3 

•  Commeri  ini  Stqxrsnnir  Tram-port  Program  Engine 
C>de  Study  Program  (GH4  Engine  Study) 
Quarterly  Ter  hniral  Report* 

(3'iitia«  t  No.  AF  3  I  (6.67)  -9212,  Project  No.  9056 
Plight  Propulsion  Division 
General  Electric  Company 


INDEX  OK  PHOLTJSAL  DLCUMI.NTS  TO  EVALUATION  fACTOKS  (Continuer# 


TECHNICAL 

•  AIRCRAFT  SYSTEM  CONCEPT 
A-l  1.0.  2.1.  J.l 

Configuration 
V-l  2.1 
A-l  2.1.*.* 

A-U  2.0 
A-Ul  All 

A-V  5.0,  1.1.  2.0 
A-Vll  0.0 
A-LX  S.  1.1.1 
A-XI  J.l 

Ground  System  Compatibility 
A-1X  1.2.3 
M-1!I  4.0.  0.0 

Reliability 

A-I  2. 1.2. 3.  3. 1.2.4 
A-Vl  fl. 4.  9.0,  11.4.3 
A-LX  4.2.11.  5.1.11 
M-U  5.2 

Safety 
A-1V  0.1 
A-VU  7.0 

A-IX  3. 1.1. 2.  3.3.6.  4.1.1.10, 
4.2.1.12,  4. 2. 4.0. 

5.1.  1.13,  5. 1.4.9 
A-XI  1.1 

Maintainability 

A-l  2. 1.2. 8.  3.1. 2.0 
A-Vl  9.2.  11.4.3 
A-LX  1.2.2,  3.2 
M-U  5.0 
M-M  2.0 


Sonic  Hoorn  A  Noise 
A-U  3.7.  14.2 
A-V  1)3. 3.7,  H3.6.5,  CS.S 
A-Vl  10.0.  13. 

A-Vll  8,0 

A-IX  3.1.1  3.  J.3.3,  4.1.1.11, 
4.2.1.13,  5.1. 1.4, 

5. 1.1.1* 

M-Vl  5.2 

•  AERODYNAMICS 
A-V  All 

Drag  Analyst* 

A-V  6.  1.2.  C«.  1.1 
a-i>:  3. l.i.i 

Stability  and  Control 

A-V  5.2.4,  7.0.  D7.0,  1.5 
A-IX  3. 1.1.1 

Alrloai  Analysla 
A-IV  4.1,  5.0 
A-V  8.2 
A-IX  3. 1.1.1 

Performance 
V-I  2.2 
A-n  14.0 
A-III  1.0,  2.0 

A-V  C.0,  3.  0,  IU.0,  1.2,  4.0, 
2.0,  A2.0,  ca.l,  5.0.  8.0 
A-Vl  12.0 

A-LX  3. 1.1.1,  4.1.1,  4.2.1, 
4.2.2,  5.1.1,  5.1.2 
A-XI  2.0 


a 


•  AIR!  NAME  DESIGN 

A-l  2.2.  2.3,  3.  2,  3  I 
A  - 1 1  3.0 
A-IV  6.0 
M-l  4. 2. 4. 3 

Structuree  and  Material* 

V-l  2.5 
A-U  4.0,  1.5 
A-IV  All 

A-1.X  3.1.2,  3.3.1 
A-.XI  3.  6 

M-l V  5.0.  Ajip.  A.  B,  C.  D.  E. 

K  an  d  G 


Weight* 

V-l  2.6 
A  II  .1.3.  3.4 
A -Ill  2.3 
A-IV  4.1.1,  18.0 
A-v  a.i 

Flight  Control* 

V-l  2.7 
A-I  2.8,  3.6 
A-II  8.0 
A-III  9.0 
A-VU  3.0,  4.3 
A-IX  3. 1. G.  3.3.5,  4.1.8, 
4.2.6,  5.1.6 
A-XI  3.9,  3.  10 
M-I  4. 2.  4.  3 
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INDEX  OK  PHOIOSAL  DOCUMENTS  TO  1  VALUATION 


,  PHO  PULSION 
V-l  2.4 
A-I  2.4,  S.4 
A— 11  6.0 
A-m  v  o 
A*  Vi  All 

A-LX  3. 1.4,  3.3.3,  4.1.4, 
4.2.4,  5.1.4 
A-XI  3.4 
M-l  4.2.4.J 


En|[ln« 

A-II  6.1.1,  2.6 
A-ni  7.2 

A-Vl  1.1.  2.0.  9.  1.1,  9. 1 

11.0 


Inlet 

A-n  6.2.2 
A-m  7.i 
A-V  07.5 

A-VI  1.3.  3.0,  9.1.4.  9.2.2 
A-IX  3.1. 4.1,  3. 1.4.5, 

4. 1.4.1,  4.2.4. 1.  5. 1.4.1 

lnulalUtloo 
A-II  6.1.5 
A-II1  7.2,  7.S 
A-VI  2.0.  1.2 
A-IX  3.1.10 


Control* 

A-n  6.3.  6.4,  8.0 
A-Ili  7.4,  7.5 
A-V  7.1 
A-VI  5.0 
A- VII  4.0 
A-IX  3. 1.4.  5 

Fuel  Sy»1tm 

A-n  6.11 
A-m  6 

A-VI  1.5,  2.  b.  3,  7.0.  9.1.3, 
9.  2.4 

A-IX  J.  1.4.6,  3.  1.4.6,  4.1.4 
4,2.4.10,  5.1.4.10 

A-Xi  3* 

Starting  Fyntern 
A-U  6.7 

A'"1  ..  , 

A-\  I  5.3.  1.  6.(1,  9.  1.2.  11.4 
A-IX  3.  1.4.5.  4. 2. 4. 2.  5.1. 


Thrunt  Hover**! 

A-II  8.3.  2.6 
A-III 

A-VI  4.3 

A-IX  3. 1.4. 5,  4. 2.4.8,  5. 
3. 1.4. 3 


F ACTONS  (CufitlnuwD 

<  SYSTEMS 
V-l  2  7 


Environment*!  Control 
V-I  2.7 
A-'  2.9,  3,* 

A-U  11.0 
A-Ul  no 
A-Ml  6.0 

A-'X  3.1.9.  3.3.7,  4.1.8, 

4  2. 9  5.1.9 

A-XI  3.5.  3.6 
M-l  4  2.4.3 

Secondary  Pemer 
V-l  2.7 
A-l  2.5,  3.5 
A-I!  7.0 
A-III  8.0 
A  -  V II  2.0 

A-IX  3  1.6,  3.3.4.  4.1.5, 
4.2.5,  5.1.6 
A-XI  3  2 
M-l  4. 2. 4. 3 

Navlt;nll<  ■  *■  Communication* 
V  1  2.7 
A-l  2.7,  3.7 
A-II  9.0 
A-UI  10.0 
A-VIl  5.0 

A-IX  3.1.7,  5.3.6.  4.1.7, 
4.2.7,  5. 1.7.1 
A-XI  3.11,  3.13,  3.14 
M-l  4.2.4  3 


# 
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1  YAl.LAII' 


K  ACIOHS  (Cuntlnurd) 


.  OPF-  R  Al  )0r^  AHO  ECONOMIC* 

Computer  t  Data  Proo.  <t»«ra  OPtKAIlur 


A-U  9.2.2,  £.5.1 

A-in 

A-VIl  5.0 

A-IX  3. 1.2. 2.  <.5.  Apn  n 
M- 111  5.0 

Hydraulic  L  Pneumatic 
A-Il  '.3,  7.4 

A-Ul 

A-Vll  2.2,  2,3 
A -IX  3. 1.5. 2.  4,2.5. 2, 

5. 1.5.4 
A-XI  3.7 

Iiiblrunicntution  ^  Displays 
A-II  5.5,  5. ’.3,  6.10 
A-U)  5.0 
A-VI  7.8 

A  VII  4.3,  0.0,  5.1.20 
A-,\  4. 1.1.1,  4.1.  3,1. 

4. 1.3.2,  4. 2.  3.1. 

4. 2. 3. 2,  5. 1.1.1, 

5.1.3,  3.1.4  5 

A-XI  3.12 

•  T K ST  Si  C’  H  I  IKIC  A'l  ION  Pl-AN 
A-l  2.1.4,  2.1.8,  3.1.4,  3.1. 
A-IV  10.2.3.2,  10.  2.  5,  14.0 
A-VI  8.0 
A-vn  4.4.  10. 0 
A-tX  AH 


Direct  Operating 
V-l  2.3 

A-l  2.  1.2. 1,  3. 1. 2. 1 
M- VI  All 

Kales  Price 
V-I  3.0 
M-V  7.0 

Grunth  Potential 
A-V  1.3.  4.0 
A-M  11.6.3 
M-Vl  3.3 

p;,„hr,  t..  r  t.  C»rto  Accommodation. 

A-l  2.8,  3.8 

A-l!  10.0 
A -HI  6.5 
A-V  11  9.0 
M-VI  3.0 

PUGH  !  ()Pl.HA  il')NS  t  SA1  KTV 
V-l  2.2.1 
A-XI  All 

1 

Safety 

V-I 

A-l  2. 1.2.4,  3. 1.2.4 
A-VU  7,0 
A-XI  3.15 


Handling  (/j»lltle» 

A-V  7.2 
A-XI  2.0 

Oja'ratl'rti  1  legibility 
V-l  2  2  1 
A-XI  2.0,  2.0 
M-VI  5.0 

Ci*  k}  It  Pacllltl"* 

V-I  2.7 

o  ’  2.3,  3.3 

A-n  5.9,  13.0 

A- 111  5.0 

‘.-Vll  4.0 

A-1X  3.1.3,  4.2.3 

A-XI  3.0 

•  GW'1  Mjopl  A3  IONS 
A-l  2.10,  3.  10 
A  -  II  12.0 
M-1I1  All 

Su|'|K,rt  Systems  Concept 
A-VU1  1.0 
M-Ill  1.0 

Alrja  rt  Corrjatttblllty 

A-IV  15.5 
M  -  III  4  0 


* 
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.jimiijipLi  *  pn  ii,  >i«^^wwrv«niv^qprfKiM«w 
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» 


t 


I 


Strvlrlnf 

A-l  2.  i>>.  2.11*  3.  10.  3- 1* 


A-VU1  4.0 

A  IX  5. 1  10.  4. 1. 10,  4.2. 10, 
5/1. 10 

M-Cl  10.0,  11.0.  12.0.  13.0 


Matr  lenanc* 

A-l  2.10 
A-Vlil  5.0 
A-IX  5.1.10, 
M-Ul  3.0 


4.1.10.  5.1.10 


TralrlnK  Pinna 
A-l  2.12.  2  13. 
A-yl  4.0 
M-Ul  8.0.  ».0 


3.12.  3.  IS 
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lull  I'KOInSAL  PARAGRAPHS 


1.4.2 


1.4.3 


1.5.1 

1.5.2 


1.54 


'hane  13 
V  I  4.1 
A-I  1.2.2.  2.0 
A-U  Su|>|>.  S"1 
M-l  4.2 
M-V  1  1 
Phase  Ill 
V-I  4.1 
A-l  1.2.3.  3,0 
A-IX  2.3.  4.0 
M-I  4.2 
M-V  1.2 

Financial  Participation 

V-I  3.0 
M-V  1.1.  1.2 


r  2. 1 

•  2.2 

2.2.1 

2.2.2 


rt.  Kf  arch  Credit  a»  4 
Part  o!  Manufacturer*' 
Participation 

M-V  1.1  .2.3 


C<  rilract  Provisions 
M-I  12.0 


GENERAL 
V-l  1.0 

HANOI  AMI  PAY  1/3  VD 
A-l!  3.2.2,  14  1 
A  -  111  2.2 
A-V  3.  0.  113.  1. 1 

FnietK>  :icy  Pane* 

A-V  3.1 
A -XI  113.1.1 

Fuel  Reserve* 

A-V  3.1 
/'.-VI  7.0 

Additional  Fuel  Capacity 

A-V  3.1 
A-Vl  7.0 

SI  FF.D 
V-I  2.2 
A-n  3.2.5 
A-nl  2.4 
A-V  8.5 


PAYIOAD  PROVISIONS 

A  -  111  2.5 
A-V  3.1 


WtNlC  ROOM 
)  HI  SSl'HES 
A-U  14.3 
A-V  4.2,  13.4.5, 

1  •  .5.8,  B3.6.5, 
C6.3 

A-IX  4.1.1.11 


NOISE 

A-n  3.7.  14.2 
A- VI  10.0 
A-vn  8.0 
A-IX  4.2.1.13. 
5.1.1.14 


5 


6 


•  2.  >4 

.  2. 15 

•  2.  ie 


INDEX  OK  PHOWSAL  I>  K'UMl  ‘■TS 

TURNING  RADIUS  •'i.a 

A-V  B3.S.J 

2  22.  1 

PASSENGER 
COMPARTMENT 
WINDOWS 
A-U  4.4.4 

2.22.2 

COCKPIT  VISIBILITY 
A-va  4.2 


TO  REQUEST  lOH  PROIOSAI.  PARAGRAPHS  (Continue* 


RADIATION  MONITORING  2 
A— U  3 . 5 ,  «. 

Alt  ./alt  llie  Protection 
A-Il  €.8 

A- VI  2  10,  7.8.  1 


24.3  Preliminary  Evaluation 

<,(  I  n-Ro.  if  Perfurmanoe 
Cltht  n(  u  1 1 1. 1  lc  a  Djrlng 
•)yj  IV  l!  Mtuloo  Pruflle 
A-Vl  11.3 
A-JA  4.0 


A-VI1  7.3 
A -IX  4.2.1.12 

Craah  lire  Prevention 
Mt-murea 


2.  2j.  1  Engine  Po»-r  Control 
tu.d  iynlllwT.  Syalern 
A-Vl  5.0.  5.3.1,  «.« 
6,2.1 


A-V!  7.3.2 
A-VU  7.3 


2.25.2  Enyti.c  1-ubrlcatloo 
N>  drm 


A-Vl  2.3 


•  2.17 

•  2.  18 

•  2.  it 

•  2.21 


FUEL 

CHAHA<  T  1  HIST ICS 
A-Il  6.  11 
A-VI  7.10 


•  2.23 


OVER-WATER 
PROVISIONS 
A-X!  3.15 


•  2.24 


INFLIGHT  CABIN  NOISE 

A-U  3.7 


COMMUNICATIONS  ANC 
NAVIGATION 
LgiTPMLNT 
A-I  2.7.  3.7 
A-VII  5.0 
A-IX  1.3.1,  4.1 

1  •  t-lltiER  DECISION 

•! \  I  1  IJi.ll  l  'I  LST 
io.c.nii!  ..iL.N  rs 
A-l  2.1.6,  3  1.8 
A-IX  4.0 


2  24  1  Preliminary  Evaluation 
FUCIIT  CHE7W  '  '  of  llavlltnK  Qunlltlen 

COMPLEMENT.  i  IX  4.0 

STATIONS  AND 

PACIUTIES  2  24.2  I  riTIn. Inary  F valuation 

A-U  4. 2.  2.  2,  5.0  c(  Tak<  <  U  and  Landing 

A-VU  4.0  Performance 

A-IX  4.0 


2.25.3  1  nylne  /Inlet 
Compatibility 

A  -  III  7.0,  7.1 
A-VI  3.0 
A-LX  3. 1.4.1, 

3. 1.4.1, 

3. 1.4. 5. 

4. 1.4.1, 

4. 2. 4.1, 

5. 1.4.1 

2.25.4  Automatic  Sequencing 
of  1  r.plr.e  sail  Inlet 
Control 

y.-Vl  5.2.  5.3 

2.25.5  Aero Tynamlc  Braking 

A-VI  4.3 
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>3  2  AIM  I  KAMI 

MAM  I  4  I  I  'll  II  DAT  A 
III  IvLIItl  MIMS 

3.2.1  lAurlt  Sulftnfitl  - 
AIrfranie 

A-l  All 

3.2.2  Sprclflcat  luna 

A-U  A  1 

3.2.3  Alrcr  lit  tViHirlplloo 

V-I  2.1 
A-n  2.0,  3.0 
A-IU  All 
A-V  1.:.  2.0 
A-Xl  3.1 

3.  2.  3.1  General  Arrangement 
Drat*  lng 
A-n  2.1 
A-1I1  3.0 

3  2.3.2  CotiiMnrd  Inlrttrd  Profile 
arid  Klttt'd  L'nii lament 
Drav*  Inj 

A-n  4.1.  ?.  2 

A-in  3.2 

3.  2.  3.  3  Flight  D^ck  Ai  rangement 
V-I  2.7 
A-I  2.3,  3.3 
A-n  4. 4. 2. 3.  5.0. 

10.0 
A-U!  5.0 
A-Vn  4.0 
A-Xl  3.1 


Ph**  »  i1  I  al> in 
A  I  2  a.  3  » 

A  II  4  4  7  1.  10  0 
A  IM  t  0.  8.  1. 5 
A  3  II  0  0 
A  IX  3  1.1 

Caig--  Cni-i,.»rtri.e-ritJ 
A  1  2  ►.  3.  8 
A-II  4  4  2.3.  10.0 
a-.mi  0.0,  e. : .5 
A-vil  s.o 

A-IX  3.1.8 
l.ar,dlng  C  t  Hr  S^aleno 

/.-n  4  5 

A-LU  4.4 

A -IV  15.0 

A-Xl  3.  :.  2.  3.  3.  6, 

4  2.2.4 

Aircraft  I  Ii-htlng 
A-Il  7.2.11 
A-ni  c.1.5 
A-V II  2.4.  t,  4.3.4 

Structural  DM* 

V-I  2.5 
A  I  2.2.  3.2 
A-U  4.0 
A-IU  4.0 

A-IV  2.0.  2.  I.  2.5.  2.8, 

2.10.  2.11.  3.0,  4.0, 
5.0.  6.0,  7.0,  8.0. 
9.0.  App.  A.  D,  E 
A-IX  3. 1.  2.  3. 3. 1, 

4.2.2.  5.1.2 
M-I  4. 2. 4. 3 


3  2  4  1  Mate  r  lala  and 
Conatructlu® 

A-I!  4  1.4  2,  4.3. 

4.  4 

A  Ill  4.0 

A-IV  2.4,  7.0,  Ajip.  C 
M  - 1 V  5.0 

3  ■>  4.2  1  ult'-r,  I*lt*-rg*-nc*  i 

Ci,.  ti  1  I  Li.  rat  U-rlatlcj 
A-.V  10.0,  A|X>-  T 
A-LX  3.1.7.  2.  3.  3.1, 

4.  1.2.1,  4. 2. 2.1. 

5.  1 .  2. 1 

3  2.4.3  Vlbratl-ir  Program 
A-IV  2.7,  11.0 
A-LX  3.7.:,  4.2.2.S, 

5.  1.  2. 2 

3.  2.  4. 4  Dvnatrlc  I/.ada  Data 
A-;v  2.3,  12.0, 

App.  G 

A-LX  3.  1.7,  3.3.11, 

4.  2.  2. 3,  5. 1.  2. 1 

3. 7. 4.5  I.tnlc  Fatigue  Program 
A-IV  2.r,  2.9,  13.0 
A-IX  3.  1. 1. 3,  3. 1.2. 4. 
4. 2.  2. 5,  5. 1.2.  2 

3.2.4.f  Static  and  Fatigue  Trat* 
A-IV  2.  10,  2.11,  ».  0. 
14.0 

A-IX  3  1.2.3,  3. 1.2. 8. 
3. 1.2.7 
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S.i.4.7 

Aerodynamic  Heating 

3. 2.7. 2 

Flight  Profile 

3. 2. 9. 2 

Control* 

Data 

A-V  3.0,  7.0,  D7.0 

A-D  6.3,  6.4 

A-IV  2.1,  4.0,  App.  B 

s-m  7.1,  7.3.  7.4 

A-VI  8.2.2 

3.2. 7. 3 

Variable  Geo  .etrjf 

A-VI  5.0 

A-V  5.1.3,  7.0 

3. 2. 4.8 

Landing  Gear 

3.  2.9.  3 

Engine  Starting  System 

A-D  4.5 

3. 2. 7. 4 

Additional  Data 

A-ll  6.7 

A-Hl  4.4 

A-V  113. 0,  6.0,  D7.0 

A-Hl  7.4 

A-rv  is.o 

A-VI  5.3.1,  6,0,  8.5. 

A-IX  3. 1.2.3,  4. 2.2.4 

3.2.8 

Stability  and  Control 

6.1.2 

A-V  1.5,  5.2.4,  7.0, 

A-VD  7.4,  7.5 

3.2.5 

Weight  and  Balance 

D7.0 

A-U  3.1.4...  3.3 

V-I  2.6 

A-n  3.3,  3.4 

3.2.9 

Propulsion 

3. 2. 9.4 

Fuel  System 

A-m  2.3 

V-I  2.4 

A-n  6.11 

A-rv  ic  o 

A-!  2.4,  3.4 

A-m  '  5 

A-V  8.1 

A-H  6.0 

A-VI  :  J,  7.0,  8.6, 

A-Ill  7.0,  7.6 

9.1.3,  9.2.4 

3.2.6 

Aerodynamic  Data 

A-V  5.2.5 

A-IX  3. 1.4.6,  5.1.4.11 

A-m  2.0 

A-VI  All 

A-XI  3.3 

A-V  2.0,  A2.0,  4.0, 

A-LX  3.1.4,  3.3.3, 

C5.1,  8.0 

4.1.4,  4.2.4, 

3. 2. 9.5 

Engine  Installation 

A-DC  3. 1.1.1,  3.1. 2.2, 

5.1.4 

A-n  6.2 

3. 1.4.1,  3.1. 4. 3 

A-XI  3.4 

A-m  7.1 

A-VI  1.2,  2.0,  8.2 

3.2.7 

Performance 

3. 2. 9.1 

Engine! 

A-tX  3. 1.4.5,  4. 2.4. 6. 

A-n  2.6,  6.1 

5. 1.4.7 

3. 2.7. t 

Report 

A-m  7.0 

3. 2.9.6 

Engine  Inlet  Configuration 

V-I  2.2 

A-V  5.1.1,  5.1.2 

A-n  6.2.2 

A-D  14.0 

A-VI  1.1,  2.0,  4.3, 

A-m  7.1 

A-V  1.2,  3.0,  B3.0, 

9.2.  1,  11.0 

A-V  D7.5 

4.0,  C6.1 

A-EX  3. 1.1.2,  3. 1.4.5, 

A-VI  1.3,  3.0,  8.3, 

A-VI  11.3,  12.0 

3.3.3,  4.1.1.10, 

9.1.4.  9.2.2 

A-XI  2.0 

4.2.12,  5. 1.4. 9 

A-IX  3. 1.4.1,  4  2.4.1, 

5. 1.4.1 

% 
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l 


3.2.10  Secondary  Power 
V-l  2.7 
A-I  2.5,  3.6 
A-n  i.o 
A-ra  6.9 
A-VD  2.0,  10.2 
A-IX  3.1.5,  3.3.4, 
4.1.5,  4.2.1. 
6.1.5 

M-I  4. 2. 4. 3 

3. 2.10.1  Hydraulic  System* 

A-H  7.3 
A-m  8.2 
A-VH  2.2,  10.2.1 
A-IX  3. 1.5. 2.  4.2.5. 

1.1. 5. 4 

A-XI  3.7 

3.2.10.2  Fhicumatlc  System 

A-n  7.4 
A-VH  2.3 

3.2.  IS. 3  Electrical  System 

A-n  7.2 

A-m  3.2,  8.1.  10.3 
A-VH  ’.4 
A -IX  3. 1.5.1 
A-XI  3.2 


3.2.11  Flight  Control  System 

A-I  2.6 
A-H  8.0 
A-UI  9.0 

A-IX  3.1.8,  4.1.6, 
4.2.6,  5.1.6 
A-XI  3.9 
M-I  4.2,  4.3 


3.  2. 11.4 


3.  2. 11.5 


3.2.11.1  Design  Lata 

A-V  7  1 
A-VD  3.2 

3.2.11.2  Control  System  Description 

V-l  2.7 

1,  A-I  2.6,  3.6  3.2.12 

A-n  8.0 
A-m  9.0 
A-VD  3.3 
A-IX  3.1.6,  3.3.5, 

4.1.6,  4.2.6, 

5.1.6 
A-XI  3.9 

3.2.11.3  Automatic  Flight  Control 
System 

A-n  8.4,  9.6 
A-UI  9.7 

A-VH  3.3.3  3-Z  I3 

A-LX  4. 2.6.3,  5. 1.6.3 
A-XI  3.  10 


4 


Flight  Instruments 
A-n  5.13.4,  6.10, 

9.9 
A-m  5.2 
A-Vn  4.3,  5.0 
A-IX  5.1.3 
A-XI  3.12 

Engine  and  Fuel  System 
Imtrumenta 

A-U  6.10,  6.11.7 
A-m  5.3 
A-VI  2.5,  7.1 
A-VH  4.3 

Navigation  6 
Communication* 
Equipment 
V-I  2.7 
A-I  2.7,  3.7 
A-D  9.0 
A-UI  10.0 
A-V".  5.0,  10.5 
A-LX  3.1.7,  3.3.6, 
4.1.7,  4.2.7, 
5.1.7 

A-XI  3.11,  3.13.  3.14 

Computer  and  Data 
Processor* 

A-H  9.2.2,  9.3.1 
A-m  10.0 
A-VH  5.1.5 
A-IX  4.3.1,  App.  B 
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3.J.1*  Alrcralt  Flight  Teat 
Program 

A-I  2.1.8,  3.1.6 


4.1.2  Organization 
V-I  4.2 

M-I  1.2.  2.0.  App.  A 


.RAGRAPH3  (Continue^ 

I  1  VALUE  ENGINEER  ISO 

A-I  2. 1.2.5.  3. 1.2. 5 
M-n  5.4 


A-Vl  8.0 
A-LX  4.0,  5.0 

3. 2. 19. 1  Spe^  lal  Requirement#  - 
Sonic  Doom  and  NoUe 

A-vn  8.0 
A-DC  4.1.1.11, 

4. 2. 1.3, 


3.2.20  Flight  Simulator  Program 
A-LX  6.0 

3  '.21  Aircraft  Mockup  l>  Design 
Engineering  Inapoctlon 
A-I  2.1.3.  3.1.3 
A-U  1.9  .4.4 

A-X  All 
M-I  4. 2. 4. 3 
M-IV  2.4,  3.1.5 


MASTER  UROGRAM 
PLAN 
V-I  4.1 

A-VI  11.4,2.  11.6.2 


RKIORT3  AND  REPORT 
FREQUENCY 

A-DC  1.1 
M-I  5.0 
M-n  2.6 
M-IV  12.0 


.4.10 


PROGRAM  EVALUATION 
R 1  VIEW  TECHNIQUE 
(PERT!  .4.11 

A-LX  2.2 
M-n  2.2,  2.7 


STANDARD!  7AT10N 
A-U  13.0 
M-U  7.0 


QUAUTY  CONTROL 
A-I  2. 1.6.5 
A-DC  3.4 
M-U  6.0 


reijadility 

A-I  2. 1.2. 3.  3. 1.2.3 
A-IX  3.2 
M-U  5.2 


rnouucT  srproRT 
PLAN 
M-ni  Ail 


•4.1 


4.1.. 


CONTRACTOR 
ORGANIZATION  A 
MANAGEMENT 

M-I  All 

Management  and 
Operation 

V-I  4.3.  5.3 
A-I  2.1.7.  3. 1.7 
M-I  1.3.  2.0,  3.0, 
4.2,  3.2.  «.0, 
App.  B 
M-n  2.0 


•4.5 


•  4.6 


COST  ESTIMATING  <• 
BUDGETING 
PROCEDURES 
A-IX  2.0 

M-U  2.3,  2.4.  2.5, 

2.6 


CONFIGURATION 

MANAGEMENT 

A-l  2. 1.2.2,  3. 1.2.2 
M-I  3.3 
M-U  4.0 


4.11.1 


Maintainability 

A-l  2. 1-2- 8.  3. 1.2.6 
A-VI  11.4.3 
A-IX  3.2 
M-n  5.5 
M-BI  2.0 


4  11.2  Su[>port  Plan 

A-i  2.11.  3.11 
M-U!  6.0,  10.0.  11.0. 
12.0 


« 


INDEX  OF  PROPOSAL  DOCUMENTS  TO  REQUEST 


FOR  PROPOSAL  PARAGRAPHS  (Continue* 


4.11.3 

Warranty  Program 

M-Ul  13.0 

•  4.15 

4.11.4 

Training 

A-l  2.12.  2.13,  3.12. 

3.13 

A-XI  4.0 

M-m  S.O 

4.15.1 

4.15.2 

*4.12 

TOOLING 

A-l  2.1.6.  3.1.6 
M-IV  1.0,  2,0.  3.0. 

6.0,  7.0 

4.15.3 

*  4.13 

FACILITIES 

A-I  2.1.9,  3.1.» 

A-K  App.  A.  App.  B 
M-I  4. 2.  3. 3 

M-IV  1.2,  4.0.  S.O 

•  4.16 

M-V  10.0 

4.16.1 

*4.14 

MATERIALS 

4.16.2 

A-I  2.1.5,  3.1.8 
A-IV  7.0 

M-I  1.4 

M-IV  1.3,  5.0 

DEVELOPMENT  COST  4.14.3 
DATA 
V-I  3.0 

M-v  M1  .4.14 

Phase  D  -  Airframe  k 
Engine  Coet* 

M-V  2.0 


phsu,e  III  -  Airframe  A 
Engine  Cool* 

M-V  S.O 

Allocation  Cob  la  hy 
Government  Fiscal  Year 
M-V  4.0 


•  S.O 

PRODUCTION  COSTS 
M-V  5.0 


Work-in-Procesa 
Financial  Requirement* 
M-V  6.0 

EnJmatod  Sale*-  Price  of 
the  Supersonic  T  ran*  port 
M-V  7.0 


Ground  Support  Equipment 
Coat 

M-V  5.0 

DIRECT  OPERATING 
COSTS 

V-l  2.2.2.  2.S 
A-l  2. 1.2.1 
M-Vl  All 

Cost  Factor* 

M-Vl  2.1.  App.  A 

Cof.1  Computation* 

M-Vl  2.2,  App.  A 


SUMMARY  DATA 
V-l  All 


t 

! 


I 
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(ROSS  REFERENC  E  INDEX 

PROPOSAL  DOCUMENTS  -  REQUEST  FOR  PROPOSAL  (RFP) 


Thlrt  croHH-rcference  Index  rclite*  the 
graph*  of  the  proposal  document*  to  the  Evaluation 
F  adorn  and  to  the  numbered  paragraphs  of  the 
Request  for  Proposal.  This  index  permits  a  reader 
to  locate  In  the  propowal  documents  each  of  the 
paragraphs  which  relate  to  any  of  the  Evaluation 
Factors  or  any  one  of  the  paragraphs  In  the  RFP. 


The  code  uses  the  proposal  document  numbers 
Haled  below: 


Vpl.  No.  Sublet} 


V-I 

Summary 

A-I 

Airframe  Work  Statement 

A-n 

Model  Specification 

A-m 

At-craft  Description 

A-IV 

Structural  Report 

A-V 

Aerodynamic  Report 

A-Vl 

Propulsion  Report 

A-vn 

Systems  Report 

A-vni 

Ground  Support  Equipment  Report 

A-K 

Test  t  Certification  Plan 

A-X 

Aircraft  Mockup  and  DEI  Tlan 

A-XI 

Flight  Operation  and  Safety 

M-l 

Management 

M-n 

Management  Controla 

M-m 

Product  Support  Plan 

M-rv 

Preliminary  Production  Plan 

M-V 

Development  l  Production  Coat 

M-VI 

Direct  Operating  Costa 

For  example,  If  a  reader  la  Interested  la 
Uoelng'a  D>  vclopment  Plan  as  a  part  of  the  Master 
Plan  on  one  of  the  Evaluation  factors,  he  will  find 
this  subject  discussed  In: 

Development  Plan 

V-f  -  paragraph  4. 1 

A-l  -  paragraph  2.1.6,  3.1.0 

M-IV  -  paragraph  1.0,  1.3,  2.0,  6.0  andT.il 

If  the  reader  wishes  to  know  where  paragraph 
3.  2. 11.3  of  the  II FP,  AUTOMATIC  FLIGHT 
CONTROL  SYSTEM.  Is  described  he  w  ill  find  th. 
subject  discussed  In: 

3.2.11.3  AUTOMATIC  FLIGHT  CONTROL 
SYSTEM 

A-n  -  paragraph  8. 4.  9.0 
A-IR  -  paragraph  9.  / 

A-VD  -  paragraph  3.3.3 

A-D<  -  paragraph  4. 2.  6.  3,  5.  1.0.  3 

A-Xl  -  paragraph  3. 10 


UNCLASSIFIED . 


INDKX  OF  PROPOSAL  DOCUMENTS  TO  EVALUATION  FACTORS 


management 

•  MANAGEMENT  L  ORGANIZATION 
Organization 
V-I  4.* 

M-I  1.2,  1.3,  2.0,  3.0,  App.  A 


•  SUBCONTRACTING 

V-l  4.3 

M-l  1.4.  3.4  App.  B 
Selection 

M-I  3.4 
M-IV 


Value  Engineering 

A-l  2. 1.2. 3.  3. 1.2.5 
M-D  5.4 

PERT 

A-IX  1.1,  2.* 

M-n  2.2.  2.2 


Manpower 
V-I  5.3 
M-I  4.2.3 


•  COMPANY  COMPETENCE 
V-I  4.0 
M-I  1.4.  4.0 

Financial  Competence 
M-I  4.4 

Commercial  Product  Development 
V-I  5.0 
M-I  4.2.  4.3 

Reliability  L  Quality  of  Product* 
M-I  4.4 

Meeting  Commitment* 

M-I  6.5 


Control 

M-I  3.4,  3.7 
M-D  4.3 


a  MASTER  PLAN 
V-I  4.0 
M-I  1.5,  4.0 

Development  Plan 
V-I  4.1 

A-l  2.1.4,  3.1.4 

A-IX 

A-X 

M-IV  1.0.  1.3.  2.0.  6.0.  1.0 

Production  Plan 
V-I  4.1 
A-X 

M-I  4.0 
M-IV  3.0.  4.0 


Safety 

A-I  2. 1. 2. 4,  3.1  2.4 
A-VI  4.4 
A-IX  3.1. 1.2 
M-D  5.3 

Reliability 

A-I  2. 1.2. 3,  3. 1.2.4 
A-VI  6.4.  9.0,  11.4.3 
A-IX  1.2.2.  3.3 
M-D  5.2 

MalnL  Inability 

A-l  2. 1.2. 8.  3. 1.2.4 
A-VI  9.2,  11. 4. 3 
A-DC  1.2.2,  3.2 
M-n  5.5 
M-m  2.0 

Standardization 
A-n  13.0 
M-n  7.0 


•  FACILITIES  (DEVELOPMENT  li 
PRODUCTION) 

V-I  5.1 

A-I  2.1.9.  3.1.4 
A-IX  App.  A.  App.  B 
M-I  4.  2. 3.  3 
M-IV  1.2.  4.0.  8.0 


.  MANAGEMENT  CONTROLS 
A-I  2.1.7,  3.1.7 
M-n  All 

Configuration 
A-l  3. 1.2.2 
M-I  3.3 

M-n  4.0,  6.4.2 


Quality  Control 

A-I  2. 1.6. 5,  3. 1.4.4 
A-LX  1.2.4,  3.4 
M-U  4.0 

Program  Reporting  k 

Documentation 

M-I  5.0 
M-V  12.0 


